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A    METHOD   FOR    DETERMINING    THE    VALUE   OF 

AN   AVERAGE   SPACE  OF  A  LATITUDE-LEVEL 

IN   TERMS   OF   A    MICROMETER-TURN. 


By  Frank  Schlesinger. 


In  the  determination  of  latitudes  by  means  of  the  zenith- 
telescope  it  is  necessary  to  know  the  average  value  of  the  spaces 
on  the  latitude-level.  The  following  method  has  the  advantage 
of  being  executed  under  precisely  the  same  conditions  that  pre- 
vail during  the  observations  for  latitude  themselves. 

Two  stars  having  nearly  equal  declinations  and  differing  a 
few  minutes  in  Right  Ascension  are  selected.  The  telescope  is 
pointed  so  that  both  will  transit  near  the  middle  of  the  field,  and 
micrometer- readings  are  taken  upon  each.  Between  the  two 
transits,  however,  the  telescope's  inclination  is  changed  so  that 
the  bubble  of  the  latitude- level  traverses  several  divisions.  Con- 
sequently, the  difference  of  micrometer- readings  (&'  R)  should 
be  corrected  by  the  difference  of  level-readings  (^7),  in  order 
to  obtain  the  true  difference  of  declination  (<d  8)  between  the  two 

stars.     That  is  — 

A'R  ±//=  JJ 

On  a  succeeding  night  the  same  observation  is  to  be  made 
upon  the  same  stars,  with  this  exception :  the  inclination  of  the 
telescope  must  be  changed  in  the  opposite  direction  between  the 
two  transits,  so  that  if  on  the  previous  night  the  level-readings 
had  been  increased  they  must  now  be  decreased,  or  vice  versa. 

We  now  have, 

J"  R  +   J"  I  =  J  8 

As  we  may  assume  that  the  difference  of  declinations  is  the 
same  as  on  the  previous  night,  we  get  by  subtraction, 
A "  A  —  A'  R  =  A"  /  -  A'  / 

This  enables  us  to  express  one  space  of  the  level  in  terms  of 
one  turn  of  the  micrometer,  which  is  what  was  required.  It  will 
be  noticed  that  accurate  knowledge  of  the  declinations  is  by  no 
means  necessary,  and  that  therefore  the  two  stars  may  be  selected 
from  the  Durchmusterung.  Indeed,  suitable  stars  may  usually  be 
found  by  pointing  the  telescope  quite  at  random  in  the  meridian. 

The  following  is  a  numerical  example  from  actual  observation. 
The  zenith  telescope  employed,  like  all  other  modern  ones,  is 
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provided  with  two  latitude-levels;  but  for  the  sake  of  clearness 
data  are  given  only  for  the  upper  one. 

Right  Ascension.  Declination  (1900). 

Star  i  9h  I41"  50"  +  400  n'  40" 

Star  2  9    28     45  40     10    30 

1900,  April  8:     Star  1 

Nork™ld***A*End.  Micrometer  Readings. 

5-9  28.6  15-5395 

1900,  April  8:     Star  2 
13.8         36.6  13-0390 


1900,  April  9:  Star  1 
16.0         37.8  152435 

1900,  April  9:  Star  2 
5-4         27.4  13-2515 

Hence,  we  have, 

A' R  =  2.5005         A'  /.  =   —     7.95  divisions 
b!'R  =    1.9920  A"/  =  -J"  10.50 

Consequently,  one  division  of  the  level  is  equivalent  to 

o.  S085 

— =  0.0276  micrometer  turns. 

18-45 

Nine  determinations  similar  to  the  above  gave  onlyoR.ooo4  as 
the  probable  error  of  a  single  determination.  This  corresponds 
to  o".oi6,  one  turn  of  the  micrometer  being  about  40". 

The  above  method,  appropriately  modified,  may  also  be  ap- 
plied to  striding- levels  of  meridian  instruments. 

Ukiah,  California,  January  22,  1901. 


OBSERVATION     OF    LEONIDS    AT     POMONA    COL- 
LEGE,   CLAREMONT,    CALIFORNIA. 


Communicated  by  F.  P.  Brackett. 

After  the  disappointment  of  last  year,  when  an  organized  force 
of  over  fifty  observers  was  trained  for  a  campaign  of  at  least  a 
week,  with  charts  and  tables,  and  three  photographic  stations, 
and  were  met  with  almost  total  cloudiness  all  the  week  and  a 
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general  failure  of  Leonids  to  attack  all  along  the  line,  the  astron- 
omy class  of  Pomona  College  entered  upon  the  observation  of 
Leonids  this  year  with  more  quiet  and  modesty.  The  plan 
of  observation  covered  every  night  from  November  12th  to  17th, 
but  the  weather  was  so  unfavorable  that  careful  watch  and  record 
was  kept  only  during  the  hours  from  12  to  4  a.m.  on  the  morn- 
ings of  November  14th  to  16th.  This  time  was  divided  into 
periods  of  half  an  hour  each,  with  three  or  more  observers  for 
each  period.  One  noted  the  time  of  every  call,  a  second  kept 
the  count,  while  the  third  mapped  and  described  as  many  meteors 
as  possible.  Meteor  paths  were  charted  each  night,  but  the  lim- 
ited knowledge  of  uranography  and  lack  of  experience  on  the  part 
of  the  amateur  observers  rendered  them  unsatisfactory  for  the 
discussion  of  radiant  points.  Less  than  thirty  were  seen  in  Leo 
and  the  adjacent  constellations,  and  over  thirty  in  Gemini, 
Auriga,  Taurus,  and  Orion,  while  nearly  fifty  were  seen  in  the 
circum polar  constellations  visible,  chiefly  in  Ursa  Major.  Beside 
the  Leo  radiant,  there  seems  to  be  one  also  in  Gemini  between 
a,  fi,  t,  and  T. 

The  results  are  exhibited  chiefly  in  the  accompanying  tables.* 
The  whole  number  would,  of  course,  have  been  much  larger 
if  there  had  been  no  moonlight.  For  the  twenty  periods  during 
which  they  were  seen,  the  average  interval  was  five  minutes;  for 
the  three  periods  from  12:30  to  2:00  Friday  morning,  it  was 
im  12".  Twice,  a  little  before  2  o'clock,  two  were  seen  at  once, 
and  there  were  thirteen  intervals  of  less  than  one  minute.  Dur- 
ing all  the  remainder  of  the  time  there  were  only  seven  such 
intervals.  Any  attempt,  however,  to  discuss  the  frequency  of 
fall  must  be  unsatisfactory  because  of  the  haze  and  cloudiness 
at  times.  More  might  have  been  seen  during  the  later  periods 
of  the  15th  and  16th  if  the  sky  had  been  clear,  and  the  larger 
numbers  in  the  second,  third,  and  fourth  period  of  the  16th  may 
have  been  due  to  the  absence  of  moonlight;  yet  the  order  of 
results  is  probably  correct,  and  indicates  that  the  greatest  num- 
ber fell  on  the  16th,  and  the  least  on  the  15th.  The  large  pro- 
portion of  non- Leonids  is  noticeable. 

About  seventy-five,  or  three  fifths,  of  the  meteors  observed 


*  Table  I,  giving  detailed  description  of  the  individual  meteors  is  here  omitted.  The 
initials  in  the  column  "  Observer  "  in  Table  II  stand  respectively  for  students  Conk,  Kelso, 
Warnhr,  Baker,  Bixby,  Day,  Jencks,  G.  Smith,  Stewart,  Voorhrks.  Baldwin,  H. 
Smith,  McFaddbn,  Lester,  A.  Gould,  T.  Gould,  Moles,  McLean,  and  Stbffa. 
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Table  II. —  Results  of  Observation  by  Periods. 


Nov. 

14 

14 

14     I 
14     I 

M     i 
14 

14  ; 
14 

15  1 
15 
15    j 

15  ! 
15 

4 

16 
16 

16  : 

16     : 

16 

16  I 

16  I 
16 


Date.  1      No. 


I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

X 

XI 

XII 

XIII 

XIV 

XV 

XVI 

XVII 

XVIII 

XIX 

XX 

XXI 

XXII 

XXIII 

XXIV 


Time. 


Begin. 

12:00- 

12:30- 

1:00- 

1:30- 

2:00- 
2:30- 
3:00- 
3:30- 

12:00- 

1230- 

1:03- 

1:30- 

2:00- 


End. 

12:30 
1:00 

1:30 

2:00 
2:30 
3:00 
3:30 

4:00 

12:30 

1:00 

1:30 

2:00 
2:30 


•  2:30-  4:00 


12:00- 

12:30- 

1:00- 

1:30- 

2:00- 
2:30- 
3:00- 
3:30- 


12:30 
1:00 

1:30 

2:00 

2:30 
3:00 
3:30 

4:00 


S3. 


Field. 


ISO 


East. 


I  E.  N.  &  Z. 
«•        i» 

Whole  sky 

N.&  E. 


49 


Weather. 


Clear 


Cloudy 
except 
near  the 
zenith. 


I  Cloudy 

Whole  sky    HazyE.&S. 
ii  ti        .1 

«<  j      <i        «« 

««  ti        «i 

E.N.  &Z.'|  Hazy 

"      "      '  More  hazy. . 

«i        it         ;       ««  «» 

41      "      i  Cloudy...!. 


Observer. 


C.    K.    W. 
<<      •«      t« 

«<  CI  tl 

<<       tl       «• 
Ba.  Bi.    D. 

»l  *4  tl 

l«  II  (< 

II  II  (I 

J.   Sg.   St.  V. 

II  t.  .1  II 

.1  II  l«  II 

t«  II  If  II 

»l  II  tl  It 

BI.  Sh.  Mf.  L. 

Ga.  Gt.  Mo.  Mc.  Sf. 
I*       1.       11 
•i       11       ti 
'i       11       11 

Ba.     Bi.     D. 


Table    III. 


Time. 


A.  M. 


12:00 

- 

12:30  . . 

12:30 

- 

1:00  .  . 

1:00 

- 

1 :30  . . 

1:30 

- 

2:00  .  . 

2:00 

- 

2:30  .  . 

2:30 

- 

3:00  .  . 

3:00 

- 

3:30  •• 

3:30 

- 

4:00  .  . 

Total 

Total  Number  of  Meteors. 

Number 
Nov.  14th. 

of  Lt 

Nov.  14th. 

15th. 

i6ih. 

151b. 

'         5 

1 

8 

3 

O 

5 

0 

15 

2 

O 

1         3 

2 

13 

3 

I 

11 

4 

13 

3 

I 

7 

3 

6 

5 

2 

2 

0 

3 

2 

O 

1     5 

0 

4 

5 

O 

!     9 

0 

1 

4 

O 

i    47 

10 

63 

27 

4 

16th. 
I 

5 

2 
6 
1 
o 

2 
1 

18 
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were  between  the  second  and  fourth  magnitudes;  twenty  were 
of  first  magnitude  and  higher;  six  of  class  —  1,  and  one  —  2. 

Three  fourths  were  white  or  yellow,  in  about  the  same  propor- 
tion, and  about  five  each  of  blue,  green,  orange,  and  red. 

The  duration  of  half  were  too  swift  for  estimation,  and  nearly 
fifty  more  were  seen  for  less  than  one  second.  Only  five  were 
visible  for  more  than  one  second. 

Both  duration  and  length  of  path  were  doubtless  shortened 
by  moonlight  and  cloudiness.  A  course  of  some  300  and  over 
was  traced  for  about  twenty,  from  150  to  20°  for  about  thirty, 
some  io°  for  about  fifty,  and  a  shorter  course  of  50  or  6°  and 
less  for  about  twenty. 


ASTRONOMICAL    OBSERVATIONS    IN    1900. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 


March 

April 

August 


Jannary 

February 

March 


April 
August 


Variable  Stars. 


23: 
30: 
18: 

25- 
27: 


Z  =  d. 
id. 
=  e. 
<e. 
id. 


Z  Cygni* 

October      16: 
21: 

23: 
28: 

November  12: 

December  22 


=  b. 
id. 
id. 
id. 

=  a- 
=  c. 


6"  Ursa  maforis.f 


25: 
20: 
1: 
7: 
14: 
23: 
30: 

18: 

25: 
16: 
27: 
29: 


S  =  d. 
<c. 

a  litde  >  d. 

id. 

id. 

=  e. 

id. 

f<e. 

|  a  litde  >  £ 

<e. 

=  e. 

id. 
id. 


September   2 
13 


={ 


15: 
18: 

25: 
26: 

October      14: 

23: 

28. 

November  1 1 : 

December  22: 


id. 

<d. 
>e. 

=  d. 

id. 

id. 

id. 

>d. 

<c 

=  d. 

id. 

a  litde  <  e. 


•  Vide  the  sketch  in  the  Publication*  A.  S.  P.,  No.  48,  page  69. 
f  Vide  the  sketch  in  the  Publication*  A,  S.  P.,  No.  73»  page  5*. 
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January  25 : 
February  20: 
March  1 : 

7- 
14: 
23: 
30: 

April  18: 

25: 

August       16: 

27: 

29: 

January  25: 
February  20: 
August  27: 
September    2 ; 

13: 
18: 
26: 


I 


T  Ursa  majoris.  * 
T  =  e.  '   September 

>    a  (=70  Mag.) 

id. 

id. 

id. 

id. 

=  a. 

<a. 

L>b. 
a  little  >  c 
invisible. 

<g- 

id. 


2: 
13 
15 
18: 

25 
26: 


October      14: 

23: 

28: 

November  11: 

December  22: 


W  Pegasi.  t 


W  invisible.       '  October 

id. 

=  e. 

a  little  <  e. 

<  e. 

id. 

=  f. 


14: 

23: 

November  12: 

December  22: 


id. 
id. 
id. 
id. 
id. 
id. 
(<e. 

l>£ 

=  d. 

>a. 

a  little  >  a. 


<  gf- 
id. 
extremely 

faint, 
invisible. 


The  Star  BD.  -f-  46°.2^o. 
When  I  observed  the  new  variable  BD.  -j-4.6°.2966  on  Octo- 
ber 28th,  I  was  surprised  to  find  that  the  star  BD.-f-46°-297°» 
which  is  very  faint  in  the  sketch  by  Williams  (Astron.  Nachr., 
3629)  now  was  much  brighter  and  =  d  in  the  sketch.  On 
October  30th  it  was  even  >  d,  and  it  showed  the  same  bright- 
ness on  October  31st,  November  10th,  nth,  12th,  and  December 
22d.  XnAstron.  JSlachr.,  3673,  Dr.  Ernst  Hartwig  has  con- 
firmed the  remarkable  change  in  brightness.  The  star  is  sup- 
posed to  vary  between  the  ninth  and  tenth  magnitudes  in  a  period 
not  yet  known. 

Shooting  Stars. 


No. 

Aug. 

Time. 

h       in      s 

9,   10  16  15  P.M. 

17   20 
21    20 

55    0 
11  11    0 

Beginning. 

End. 

Mag. 

9 
2 

2 
2 
3 

Note. 

I 

\ 

\ 

5 

0  0 
291  +  ° 
3io  +  55 

32  +  75 
330  +  76 
348  -f-  63 

280  —     4 
274  +  37 
250  +  82 

255  +  77 
3'8  +  74 

Trair. 

•  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  22,  page  63. 
f  Vide  the  sketch  in  the  Publications  A.  S.  P.   No.  60,  page  23. 
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6 

19  50 

17  +  »7 

n  4-  14 

1 

7 

27  10 

14  +  4i 

7  +  35 

1 

8 

29  15 

6  +  26 

347  4-  17 

V 

Yellow  train. 

9 

30    0 

11  +58 

359  4-  57 

3 

10 

37  45 

19  +  76 

46  +  72 

1 

11 

11  40  20 

355  +  46 

4  +  38 

2 

12 

50  25 

250  +  75 

208  +  71 

1 

Red. 

13 

52  10 

180  +  67 

169  +  65 

2 

14 

56  50 

354  +  52 

5  +  44 

3 

15 

Aug.  11,  10  21    5 

228  4*  32 

216  +  20 

2 

16 

22  40 

8  +  34 

17  +  37 

% 

17 

27  30 

2  4-  21 

3Si  +  13 

2 

18 

11    2  55 

312  +  40 

288  +  27 

V 

Red. 

19 

14    0 

28  +  50 

38  +  42 

3 

20 

21  50 

324  +  17  i  325  +     4 

1 

21 

28    0 

135  4-  66     is6  4  57 

2 

22 

y  50 

310  4-  70     262  +  54 

2 

23 

37  0 

252  +  28 

235  +27 

2 

24 

47  20 

355  +  40 

344  +  35 

1 

25 

57  40 

270  4-  36 

261  +  18 

1 

26 

Aug.  20,  10    9    0 

341  +  26  |  345  +  33 

4 

27 

19  10 

322  4-  62  !  280  4-  39 

2 

28 

42    0 

7  4-  46  |    10  +  37 

4 

29 

43  4o 

298  —    7  j  302  —  16 

2 

30 

44  50 

332  4-    3     335  —    2 

3 

31 

45    0 

337  +  10  i  332  —     1 

3    1 

32 

51  3o 

239  +  17 

249  +    9 

2 

No.  16.    This  meteor  was  also  observed  at  Copenhagen :  184°  +  630 
(end  point). 

No.  20.    Also  observed  at  Copenhagen:   2570  +  210  — ^>  2550  +  io°. 
No.  22.    End  point  observed  at  Copenhagen:  2270  +  31°. 

The  three  meteors  named  have  given  the  following  results:  — 


Real 

No. 

Beginning:- 

End-                |W 
Path. 

Observer. 

h 

A 

<t> 

h 

A 

0    t 
O  48 

<t>     ■     fl 

16 

0    /       0     t 

la   .Q  i                  i  TORVALD   KoHL. 

72 

50  lo 

\  Otto  Asmussen. 

l 

1 

j  Torvald  Kohl. 
\  Otto  Asmussen. 

20 

99 

1  48  1  55  18 

71 

1  47 

55  11       32 

,    ,             if  Torvald  Kohl. 
5         1           It  Otto  Asmussen. 

22 

... 

i 

114 

3  15 

»*#  h  and  0  are  expressed  in  kilometers;  *  is  VV.  long,  from  Copenhagen; 
*  is  N.  lat.;  h  is  the  altitude  of  the  meteor  above  the  Earth's  surface. 
Odder  is  situated  in  20  25'  W.  long,  from  Copenhagen  and  550  58'  N.  lat. 
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Z        Q 

Large  Fireball. 

Among  the  meteors  of  this  year  No.  14  was  of  special  interest. 
About  this  fireball,  observed  by  thousands  of  men  in  Denmark, 
Northern  Germany,  and  Holland,  I  received  seventy- three  letters 
from  as  many  observers  in  the  countries  named.  In  the  south- 
ern part  of  Sjaelland  the  opinion  of  a  large  comet  arose,  because 
the  train  of  the  meteor  lasted  so  long.     Two  observers  at  Copen- 
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hagen  thought  the  phenomenon  was  only  at  a  few  miles  distance, 
but  as  from  all  stations  in  Denmark  it  was  standing  near  the 
horizon  in  the  southwest,  where  the  Sun  lately  had  been  setting, 
it  was  evident  that  the  fireball  must  have  passed  over  North- 
western Germany.  This  opinion  was  soon  confirmed.  From 
Hamburg  and  Bremen  the  phenomenon  was  seen  rather  in  a 
westerly  direction,  from  Wilhelmshafen  to  the  south,  from  Amster- 
dam to  the  southeast,  and  from  Coin  to  the  north. 

The  fireball  lighted  up  the  whole  country,  and  thousands  of 
spectators  were  frightened  and  looked  astonished  at  the  sparkling 
object  that,  like  another  moon,  was  traveling  across  the  sky. 
In  fact  it  is  told  that  some  children  in  a  German  village  rushed 
into  the  house,  crying:  "Papa!  Mama!  Come  out  directly! 
The  moon  fell  down  from  the  sky  just  now,  and  is  sticking  in 
Minnermann's  tree!" 

The  meteor  whirled  about  on  the  last  part  of  its  path,  then 
suddenly  it  burst  into  pieces  with  a  rain  of  sparks,  flashed  up  in  a 
bluish  light,  dashed  downward,  and  disappeared.  Afterwards  a 
large  train  was  seen,  at  first  forming  a  straight  line,  then  a 
broken  one  like  a  lightning- flash.  After  that  the  figure  of  an  S 
was  seen  and  after  twelve  to  fifteen  (from  Hamburg  is  said  thirty) 
minutes  the  faint  remainders  of  the  train  finally  disappeared.  It 
is  not  yet  certain  where  the  fireball  fell  to  the  ground,  if  it  fell  at 
all.    Perhaps  it  took  place  in  the  southern  part  of  Oldenburg. 

In  the  past  year  a  little  transit- instrument  (Gustav  Heyde, 
in  Dresden)  has  been  erected  in  the  garden,  and  a  wedge- 
photometer  (Joepfer,  in  Potsdam)  for  observations  of  variable 
stars  has  been  attached  to  the  3- inch  Steinheil  refractor.  Since 
1900,  April  1st,  the  private  observatory  at  Odder  has  received  a 
yearly  grant  from  the  Danish  Government. 


PLANETARY       PHENOMENA      FOR      MARCH      AND 
APRIL,    1901. 


By   Malcolm   McNeill. 


March. 

The  Sun  is  at  the  vernal  equinox,  and  spring  begins,  March 
20th,  11  p.m.,  P.  S.  T. 

Mercury  is  an  evening  star  at  the  beginning  of  the  month, 
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setting  just  about  an  hour  after  sunset,  but  it  rapidly  nears  the 
Sun  and  passes  inferior  conjunction  on  March  7th.  After  that  it 
is  a  morning  star,  rapidly  moving  away  from  the  Sun,  and  by 
the  end  of  the  month  is  well  out  toward  greatest  west  elongation, 
and  rises  about  an  hour  before  sunrise. 

Venus  is  still  nearer  the  Sun  than  during  February,  and  at  the 
end  of  the  month  rises  only  a  few  minutes  before  it.  The  inter- 
val is  considerably  shortened  for  points  in  the  northern  hemi- 
sphere by  the  fact  that  the  planet  arrives  at  its  greatest  heliocentric 
south  latitude  toward  the  close  of  the  month,  and  is  apparently 
several  degrees  south  of  the  Sun.  The  conditions  for  visibility 
during  the  month  are  very  poor. 

Mars  is  the  only  one  of  the  planets  in  good  position  for  even- 
ing observation  (except  Neptune \  which  requires  a  telescope). 
It  is  above  the  horizon  nearly  the  entire  night,  and  its  brightness 
makes  it  quite  conspicuous,  although  toward  the  end  of  the  month 
it  has  begun  to  be  perceptibly  less  brilliant  than  it  was  during 
opposition  in  February.  It  increases  its  distance  from  the  Earth 
about  twelve  millions  of  miles  during  the  month,  and  at  the  end 
is  about  seventy-five  millions  from  us.  It  moves  about  70  west- 
ward and  northward  during  the  month  in  the  constellation  Leo, 
and  on  March  9th  it  passes  about  40  north  of  Regulus,  the  bright- 
est star  of  the  constellation,  and  about  i°  south  of  17  Leonis,  the 
star  at  the  junction  of  handle  and  blade  of  the  Sickle. 

Jupiter  and  Saturn  are  still  morning  objects,  but  toward  the 
close  of  the  month  they  rise  before  2  a.  m.  They  are  both  in 
the  constellation  Sagittarius,  a  few  degrees  north  of  the  group 
known  as  the  Little  Dipper.  Their  distance  apart  changes  from 
about  6°  on  March  1st,  to  about  4^°  on  March  31st,  Jupiter  being 
somewhat  higher  up  than  Saturn, 

Uramis  rises  about  two  hours  earlier  than  Jupiter  and  Saturn, 
and  is  in  the  southern  extension  of  Ophiuchus. 

April. 

Mercury  is  a  morning  star  throughout  the  month,  and  comes 
to  greatest  west  elongation  on  April  3d.  Its  apparent  distance 
from  the  Sun  is  then  nearly  28°,  which  is  io°  more  than  its  dis- 
tance at  the  greatest  east  elongation,  in  February ;  but  as  it  is  also 
nearly  120  south  of  the  Sun,  the  maximum  interval  between  the 
rising  of  the  Sun  and  the  planet  is  only  a  little  more  than  an 
hour,  and  the  conditions  for  visibility  are  rather  poor. 
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Venus  is  very  close  to  the  Sun  throughout  the  month  —  too 
near  to  be  seen,  unless  under  exceptional  circumstances.  It 
comes  to  superior  conjunction  on  the  afternoon  of  April  30th, 
and  becomes  an  evening  star,  to  remain  so  for  ten  months. 

Mars  is  still  in  good  position  for  evening  observation,  but  is 
gradually  losing  its  brilliancy.  It  increases  its  distance  from  the 
Earth  about  twenty  millions  of  miles  during  the  month,  and  on 
April  27th  its  distance  from  the  Earth  is  the  same  as  the  Earth's 
mean  distance  from  the  Sun.  It  is  in  the  constellation  Leo,  and 
after  moving  a  little  westward  it  turns  and  moves  eastward  from 
April  5th.  At  the  end  of  the  month  it  has  moved  about  30  from 
its  westernmost  position.  It  is  also  continually  moving  southward, 
so  that  as  it  comes  back  it  travels  on  a  line  much  nearer  Regulus 
than  during  its  westward  motion.  At  the  end  of  the  month  it  is 
i°  west  and  20  north  of  the  star. 

By  the  end  of  April  Jupiter  and  Saturn  rise  before  midnight. 
They  are  a  little  closer  together  than  during  March,  and  in  the 
constellation  Sagittarius.  Both  move  slowly  eastward  until  nearly 
the  close  of  the  month,  Saturn  until  April  25th,  and  Jupiter  five 
days  longer.  Jupiter  is  then  a  little  more  than  30  west  and 
o°  44'  south  of  Saturn.  The  third-magnitude  star  it  Sagit/arii 
lies  a  little  north  and  between  them.  The  opening  of  Saturn's 
rings  is  a  trifle  less  than  it  was  a  year  ago,  but  has  not  yet 
diminished  much  from  the  maximum. 

Uranus  rises  before  10  p.m.  at  the  close  of  the  month.  It  is 
retrograding  —  moving  westward,  in  the  southern  extension  of 
Ophiuchus.  No  very  bright  star  is  near  it,  and  it  is  not  easy  to 
make  out. 

Neptune  is  an  evening  object  in  the  western  sky  on  the  border 
line  between  Taurus  and  Gemini. 

Explanation  of  the  Tables. — The  phases  of  the  Moon  are  given 
in  Pacific  Standard  time.  In  the  tables  for  Sun  and  planets,  the 
second  and  third  columns  give  the  Right  Ascension  and  Declination 
for  Greenwich  noon.  The  fifth  column  gives  the  local  mean  time 
for  transit  over  the  Greenwich  meridian.  To  find  the  local  mean 
time  of  transit  for  any  other  meridian,  the  time  given  in  the  table 
must  be  corrected  by  adding  or  subtracting  the  change  per  day,  multi- 
plied by  the  fraction  whose  numerator  is  the  longitude  from  Greenwich 
in  hours,  and  whose  denominator  is  24.  This  correction  is  seldom 
much  more  than  im.  To  find  the  standard  time  for  the  phenom- 
enon, correct  the  local  mean  time  by  adding  the  difference  between 
standard  and  local  time,  if  the  place  is  west  of  the  standard  meridian, 
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and  subtracting,  if  east.  The  same  rules  apply  to  the  fourth  and  sixth 
columns,  which  give  the  local  mean  times  of  rising  and  setting  for  the 
meridian  of  Greenwich.  They  are  roughly  computed  for  lat.  400,  with 
the  noon  Declination  and  time  of  meridian  transit,  and  are  intended  as 
only  a  rough  guide.  They  may  be  in  error  by  a  minute  or  two  for  the 
given  latitude,  and  for  latitudes  differing  much  from  400  they  may  be 
several  minutes  out. 


March-April,  1901. 
Phases  of  the  Moon,  P.  S.  T. 


Full  Moon 

March     5, 

I2h      4* 

A. 

M. 

Last  Quarter 

March   13, 

5      6 

• 

New  Moon 

March  20, 

4     53 

First  Quarter 

March  26, 

8     39 

P. 

M. 

Full  Moon 

April       3, 

5     20 

Last  Quarter 

April     11, 

7     57 

New  Moon 

April     18, 

1     37 

First  Q 

uarter 

April     25, 

8     15 

A. 

M. 

The  Sun. 

1901. 

R.  A. 

Declination. 

Rises. 

Transits. 

Sets. 

Mar. 

it 

22h  47m 

-    7°44' 

6h39mA.M 

.  I2h  I3m] 

P.M 

.  5h47-p.\ 

n> 

23    24 

-    3  52 

6  23 

12    IO 

5 

57 

21, 

O       I 

+    0     5 

6     7 

12       7 

6 

7 

3i, 

0  37 

+    40 

5  5i 

12     4 

6 

17 

Apr. 

10, 

1    14 

+    7   48 

5  35 

12        I 

6 

27 

20, 

1   5i 

+  11    22 

5  20 

ri    59  A.M 

6 

38 

30, 

2  28 

+  H  39 

5     7 

n    57 

6 

47 

Mercury. 

Mar. 

1, 

23  23 

—    0  20 

6    49  A.M 

12    48  P 

.M 

6 

47  P.M 

11, 

22  52 

~    3   51 

5  5i 

II     38  A 

.M 

5 

25 

21, 

22  38 

-    7  45 

5   11 

10   45 

4 

19 

3i. 

22  58 

-    7   56 

4  52 

10    25 

3 

58 

Apr. 

10, 

23  38 

-    4   57 

4  43 

10    26 

4 

9 

20, 

0  30 

+    0   25 

4  38 

10  39 

4 

40 

30* 

1  32 

+    7    32 

4  35 
Venus. 

11      1 

5 

27 

Mar. 

1, 

21  5° 

—  14   18 

6      6  A.M. 

II     17    A 

.  M 

4 

28  P.  M 

11, 

22  38 

—  10     4 

5  58 

II    24 

4 

50 

21, 

23  25 

-    5  23 

5  49 

11  31 

5 

13 

31, 

0  10 

—   0  28 

5  40 

II  38 

5 

36 

Apr. 

IO, 

0  56 

+    4  3i 

5   29 

11  44 

5 

59 

20, 

1  42 

+    9  20 

5   18 

11   50 

6 

22 

30, 

2  29 

+  13 

47 

5   11 

11   58 

6 

45 
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1 901.        R.  a.         Declination.              Rises.  Transits.  Sets. 

Mar.  1,  10  15  +  15  28    4  44  P.M.  11  38  p.m.  6  32  A.M. 

11,  10  1  +  16  26    3  48  10  45  5  42 

21,  9  51  +16  55    2  57  9  56  4  55 

31,  9  46  -t-16  54    2  13  9  12  4  11 

Apr.  10,  9  46  -4- 16  28    1  36  8  33  3  30 

20,  9  51  + 15  41    14  7  58  2  52 

3o,  9  59  +14  36   12  37  7  27  2  17 

Jupiter. 

Mar.    1,  18  34     — 22  59        3  23  A.M.     8     oa.m.  12  37  p.m. 

Apr.    i,  18  51     —22  44         1  37              6  15  10  53  a.m. 

May    1,  18  57     —22  39       11  44  p.m.     4  23  92 

Sa  turn. 

Mar.  1,  19  o  —22  10    3  46  A.M.  8  27  A.M.  1  8  p.m. 

Apr.  1,  19  9  —21  58    1  52      6  33  11  14  a.m. 

May  1,  19  11  —21  55   11  56  P.M.  4  37  9  18 

Uranus. 

Mar.    1,  17     2     —  22  47         1  51  a.m.     6  29  A.M.  11     7  A.M. 

Apr.    1,  17     3     —22  49       11  49  P.M.     4  27  96 

May    1,  17     o     — 22  45         9  48              2  26  74 

Neptune, 

Mar.    1,     5  45     +22  11       11  49  A.M.     7     9  P.M.  2  29  A.M. 

Apr.    i,     5  45     +22  13         9  48             5     8  12  28 

May    1,     5  48     +22  15         7  53             3  13  10  33  p.m. 

Eclipses  of  Jupiter's  Satellites,  P.  S.  T. 

(Off  left-hand  limb  as  seen  in  an  inverting  telescope.) 


I,  D, 

Mar. 

3. 

3h 

IIm  A. 

M.   I,  D, 

Apr. 

2, 

5h 

5m  A.M. 

I,  D, 

10, 

5 

5 

I,  D, 

3. 

11 

43  p.m. 

II,  D, 

11, 

1 

29 

HI,  D, 

5» 

2 

O  A.M. 

II,  D, 

18, 

4 

2 

HI,  R, 

5> 

4 

41 

I.  D, 

19. 

1 

27 

I,  D, 

11, 

1 

37 

I,  D. 

26, 

3 

21 

II,  D, 

12, 

12 

58 

Ill,  R, 

29. 

12 

42 

I,  D, 

II,  D, 

I,  D, 

I,  D, 

IV,  D, 

IV,  R, 

18, 
i9» 
25, 
26, 

30, 
3i. 

3 

3 

5 

11 

11 

12 

3o 

3i 

24 

53  p.m. 

15 

I  A.M. 
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NOTE  ON  THE  TIME   OF    RISING  OR   SETTING  OF 
THE   MOON. 


By  Sidney  D.  Townley. 

Professor  Young,  in  the  1898  edition  of  his  4I  General  Astron- 
omy," added  a  method  of  computing  the  time  of  rising  or  setting 
of  the  Moon,  (page  94,  article  131).  Since  the  method  involves 
a  transformation  from  sidereal  to  mean  solar  time  I  have  found 
it  less  convenient  than  the  following:  Estimate  as  nearly  as 
possible  the  Greenwich  time  of  moonrise  or  moonset  and  take 
the  Moon's  Declination  from  the  Ephemeris  for  that  time.  Com- 
pute the  hour-angle  with  this  value  of  the  Declination  using  a 
zenith-distance  of  900.  This  hour-angle,  corrected  for  the  motion 
of  the  Moon  in  Right  Ascension  and  for  the  gain  of  sidereal  on 
mean  solar  time,  subtracted  from  or  added  to  the  mean  time  of 
the  Moon's  transit  (American  Ephemeris,  pages  408  to  415)  gives 
the  time  of  rising  or  setting.  The  correction  to  the  hour-angle 
is  easily  obtained  by  multiplying  the  hour-angle  by  the  lt  change 
per  hour,"  found  in  the  column  adjacent  to  that  of  the  mean 
time  of  transit.  If  the  first  estimate  of  the  Moon's  Declination 
is  not  very  close,  then  the  computation  must  be  repeated. 

The  correction  for  semi-diameter,  refraction  and  parallax  is 
always  small.  Assuming  the  horizontal  refraction  to  be  35'  then 
this  correction  in  medium  latitudes  will  range  from  two-tenths  to 
one  minute,  depending  upon  the  value  of  the  parallax.  For 
most  purposes  it  is  quite  sufficient  to  assume  five-tenths  of  a 
minute  for  this  correction,  which  is  to  be  added  to  the  time  of 
rising  and  subtracted  from  the  time  of  setting. 

If  a  series  of  values  of  risings  and  settings  are  to  be  com- 
puted for  any  particular  place,  then  it  will  be  convenient  to 
construct  a  table  for  this  correction.  Likewise,  a  table  for  hour- 
angles  (Z  =  900)  may  be  computed,  with  the  Declination  of  the 
Moon  as  the  argument. 


(THIRTY-EIGHTH)    AWARD   OF    THE    DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  M.  Michel  Giacobini,  of  the  Nice  Ob- 
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servatory,  for  his  discovery  of  an  unexpected  comet  on  January 

3*1  x900- 

The  Committee  on  the  Comet- Medal, 

W.  W.  Campbell, 
W.  M.  Pierson, 
1901,  January  14.  Chas.   Burckhalter. 


(THIRTY-NINTH)   AWARD  OF   THE   DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  A.  Borrelly,  Adjunct  Astronomer  in  the 
Observatory,  Marseilles,  France,  for  his  discovery  of  an  unex- 
pected comet  on  July  23,  1900. 

The  Committee  on  the  Comet- Medal, 

W.  W.  Campbell, 
W.  M.  Pierson, 
Chas.  Burckhalter. 

Note.  — This  comet  was  independently  discovered  on  the  same  night 
(July  23),  but  about  five  hours  later  in  absolute  time,  by  W.  R.  Brooks, 
of  Geneva,  New  York;  and  the  discovery  was  regularly  and  promptly 
announced. 


NOTICES    FROM   THE    LICK   OBSERVATORY.* 


Prepared  by   Members  of  the  Staff. 


Appointment  of    Professor  W.  W.  Campbell   as  Direc- 
tor of  the  Lick  Observatory. 

The  Board  of  Regents  of  the  University  of  California,  at  a 
meeting  held  in  San  Francisco  on  December  n,  1900,  by  unani- 
mous vote,  elected  Professor  W.  W.  Campbell  to  be  Director 
of  the  Lick  Observatory. 

As  evidence  of  the  general  approval  with  which  this  action 
of  the  Board  of  Regents  meets,  we  quote  the  following  sentences 
from  the  note  by  Director  Geo*  E.  Hale,  of  the  Yerkes  Observ- 
atory ,  in  the  December  ( 1900)  number  of  the  Asfrophysical 
Journal; — 

"The  wisdom  of  this  choice  will  be  apparent  to  every  one  familiar 
with  the  circumstances  of  the  case.  The  task  which  falls  to  the  succes- 
sor of  Professor  Keeker  is  no  easy  one,  a  tact  which  the  Observatory 
Committee  fully  appreciated.  They  accordingly  deferred  action  until 
the  opinions  of  many  eminent  astronomers  in  this  country  and  abroad 
could  be  secured.  The  replies,  almost  without  exception,  named  Pro- 
fessor Campbell  as  first  choice.  It  is  evident  that  his  remarkable  success 
as  an  investigator,  his  tireless  energy,  and  his  ability  to  direct  the  work 
of  others  are  widely  known  and  appreciated.  It  U  a  pleasure  to  extend 
congratulations  to  the  President  and  Regents  of  the  University  of  Cali- 
fornia for  the  wise  manner  in  which  the  appointment  was  made,  to  the 
Lick  Observatory  for  its  bright  prospects  under  such  leadership  and  to 
Professor  Campbell  himself  for  the  wider  opportunity  in  the  prosecu- 
tion of  his  researches  which  he  will  now  enjoy.1* 
1 

The  D.  O.  Mills  Expedition  to  the  Southern  Hemisphere. 

In  the  past  five  years,  numerous  references  have  been  made  in 
these  Publications  to  the  Mills  spectrograph,  an  instrument  pre- 
sented to  the  Lick  Observatory  by  the  Hon.  D.  O.  Mills, 
This  instrument,  attached  to  the  eye-end  of  the  36-inch  refractor, 
has  been  used  three  nights  per  week  in  determining  the  veloei- 

*  Lkk  Astronomical  Department  of  the  University  of  California. 
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ties  of  the  brighter  stars  in  the  line  of  sight.  The  main  purpose 
of  the  investigation  is  to  secure  observational  data  from  which 
to  determine  the  speed  and  direction  of  motion  of  the  solar 
system  through  space.  In  addition,  it  was  hoped  that  the  data 
secured  would  throw  light  on  many  of  the  fundamental  questions 
relating  to  the  constitution  of  the  stellar  universe,  such  as  the 
distances  of  the  stars,  their  grouping  in  families,  etc.  The 
results  thus  far  obtained  have  shown  that  the  field  is  one  of  unex- 
pected richness.  It  may  well  occupy  the  attention,  for  an 
indefinite  period,  of  the  large  number  of  observers  and  institu- 
tions now  engaging  in  its  development.  Thus  far  we  have 
secured  observations  of  about  325  stars  situated  between  the 
North  Pole  and  300  South  Declination.  The  region  south  of  300 
cannot  be  observed  from  Mt.  Hamilton;  yet  the  necessity  of 
obtaining  data  somewhat  uniformly  distributed  over  the  entire 
sky  will  be  apparent  to  all  who  have  considered  the  difficulties  in 
the  way  of  a  satisfactory  determination  of  the  elements  of  the 
solar  motion. 

For  three  or  four  years  past  I  have  hoped  that,  when  the 
proper  time  came,  this  work  could  be  extended  to  the  South 
Pole,  by  means  of  a  suitably  equipped  observing-station  in  the 
Southern  Hemisphere.  The  rapid  progress  of  the  work  at  Mt. 
Hamilton  made  it  desirable  that  the  southern  programme  should 
be  taken  up  at  once.  With  the  approval  and  indorsement  of 
President  Wheeler  of  this  university,  I  laid  my  plans  before 
Mr.  Mills,  in  November;  and  he  at  once  stated  that  it  would 
give  him  great  pleasure  to  supply  the  funds  to  defray  the  entire 
expenses  of  the  expedition.  It  is  not  often  that  an  observatory 
.  receives  such  liberal  support,  in  an  ideal  manner,  for  an  ideal 
purpose.  The  Lick  Observatory  makes  grateful  acknowledg- 
ment of  its  indebtedness  to  Mr.  Mills's  generosity  at  the  pres- 
ent time  and  in  the  past. 

In  the  next  number  of  these  Publications  I  hope  to  be  able  to 
give  in  some  detail  the  plans  of  the  expedition. 

The  observing-station  will  be  selected  with  great  care,  prob- 
ably in  Chile  or  west  of  the  Blue  Mountains  in  Australia.  In 
addition  to  a  large  proportion  of  clear  nights,  I  should  like  to  be 
assured  of  low  relative  humidity,  a  small  range  of  night  tempera- 
tures, little  or  no  south  night-winds,  and  fair  accessibility. 

W.  W.  Campbell. 
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The  Crocker  Eclipse  Expedition  to  Sumatra. 

The  total  solar  eclipse  of  May  17,  1901,  is  one  of  the  most 
important  astronomical  events  of  recent  times,  on  account  of  its 
long  duration.  The  path  of  totality  crosses  the  islands  of 
Mauritius,  Sumatra,  Borneo,  Celebes,  Ceram,  New  Guinea,  etc. 
Its  duration  reaches  a  maximum  of  six  and  one-half  minutes  on 
the  west  coast  of  Sumatra.  This  is,  I  believe,  the  longest  dura- 
tion for  any  observable  eclipse  in  the  last  half  century,  since 
serious  eclipse-work  began;  though  eclipses  of  slightly  longer 
duration  have  occurred  on  the  ocean.  It  is  a  fortunate  circum- 
stance that  on  the  west  coast  of  Sumatra  the  eclipse  occurs  near 
noon,  (at  twenty-two  minutes  after  local  mean  noon,)  with  the 
Sun  only  210  from  the  zenith.  While  the  weather  conditions 
along  the  line  are  not  of  the  best,  yet  they  appear  to  be  as 
promising  in  western  Sumatra  as  in  any  of  the  islands  farther 
east.  This  is  likewise  the  region  most  accessible  for  observing- 
parties. 

The  Lick  Observatory  has  had  it  in  mind  to  prepare  exten- 
sively for  the  suitable  observation  of  this  important  eclipse. 
However,  the  reduced  size  of  our  observing-staff,  and  the  pres- 
sure of  work  on  the  Eros  campaign,  made  it  impossible  to  plan 
for  the  expedition,  until  the  middle  of  January. 

It  is  a  pleasure  to  announce  that  the  Lick  Observatory  is 
again  indebted  to  the  generosity  of  William  H.  Crocker,  Esq., 
who  has  offered,  by  virtue  of  his  interest  in  the  work,  to  defray 
all  the  expenses  of  an  expedition  to  Sumatra. 

The  expedition  plans  to  leave  San  Francisco  on  February 
19th,  traveling  via  Yokohama,  Hong  Kong,  and  Singapore.  It 
should  reach  Padang,  Sumatra,  about  April  10th.  Assistant 
Astronomer  C.  D.  Perrine  will  be  in  charge,  accompanied  by 
one  assistant  from  here.  He  will  plan  to  secure  the  services  of 
ten  or  twelve  local  assistants,  during  the  week  of  the  eclipse, 
from  among  the  foreigners  in  Padang. 

The  long  duration  makes  this  the  occasion  for  investigations 
on  the  corona,  rather  than  on  the  edge  of  the  Sun.  It  also 
affords  unusual  advantages  for  a  search  for  unknown  objects  in 
the  Sun's  vicinity,  —  such  as  the  planet,  or  planets,  Vulcan. 
Accordingly,  the  work  will  be  largely  limited  to  these  lines.  I 
regret  that  we  shall  not  be  able  to  spare  from  the  Observatory  a 
spectroscopic  observer;  but  I  shall  send  one  or  two  simple  spec- 
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trographs  along  with  the  party,  suitable  for  recording  the  coronal 
spectrum,  hoping  that  the  pressure  of  other  work  will  not  prevent . 
their  use.  W.  W.  Campbell. 

A  List  of  Eight  New  Spectroscopic  Binaries. 

The  following  eight  spectroscopic  binaries,  discovered  with  the 
Mills  spectrograph,  are  additional  to  the  seventeen  already  an- 
nounced in  these  Publications : — 

12  Persei  (o  =  2b  36-;   8  =  +  390  46'). 
The  binary  character  of  this  star  was  discovered  in  January, 
from  the  second  spectrogram.     The  spectra  of  both  components 
are  visible  on  the  first  three  plates,  and  are  not  very  unlike.     On 
the  last  plate  the  two  spectra  appear  to  be  coincident. 


Date. 

Velocities. 

1899     Dec.    19 

—  42km  and  ±    okm 

1900    Jan.    22 

-    3        "     -54 

Jan.    26 

-11         "    -43 

Aug.    7 

-  27 

The  velocity  of  the  system  is  about 25  km  per  second. 

i  Ursa  majoris  (a  =  nh  13";  8=  -}-  320  06'). 
The  principal  component  of  this  well-known  double  star  has 
a  variable  velocity  in  the  line  of  sight.  (  Ursa  majoris  is  there- 
fore a  triple  system.  The  visible  system  is  interesting  histori- 
cally, as  having  been  the  first  one  to  show  orbital  motion,  the 
two  visible  components  forming  a  close  and  rapidly  revolving 
system  (a  =  2".5,  P  =  60  years).  It  has  been  observed  with 
the  micrometer  very  frequently  since  the  beginning  of  the 
century,  but  no  evidences  of  perturbative  influences  have  been 
revealed  by  the  measurements. 


] 

Date. 

Velocity. 

1897 
1899 

1900 

Feb.  23 
April    8 
Feb.   22 
April    5 
Feb.   26 
Mar.     9 

—  8.4km 

-  15 

-  ii-5 

-  14. 1 

—  21.9 

—  18.4 

Mar.  12 

-    19 

Mar.  14 

—   21.6 

Mar.  20 

—  20 

May     8 

— 18 

The  variable  velocity  was 

discovered 

early  in  March,  from  the 

h  plate. 
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The  spectrograms  obtained  in  1897  are  rather  poor,  and  will 
probably  not  be  needed  in  the  final  discussion  of  the  motion. 

9j  Leonis  (a  =  1  ih  43";   8  =  +  200  46'). 
The  first  two  plates  of  this  star  were  underexposed,  but  the  dis- 
cordance of  eight  kilometers  afforded  strong  suspicion  of  its  varia- 
ble velocity.     Two  late  plates  confirmed  the  fact  of  its  variability. 

Date.  Velocity. 

1900    Jan.    10  -f~  22km 

Jan.    16  -j-  14  ± 

April   9  —  16 

May   14  +16 

d  Bootis  (a  =  i4bo6n;    8  =  +  250  34'). 

Date.  Velocity. 

1900     Mar.  27  -j-  79km 

April  4  -f-    3 

April   9  -f  11 

April  17  -{-  60  ±: 

The  variable  velocity  was  discovered  from  the  second  plate. 
fi  Scuti  (a  =  i8h  42m;    8  =  —  40  51'). 

Date.  Velocity. 

1899  May  15  —  i7km 
June  11  —  11 

1900  April  17  —  28 
April  23  —  29 
May  14  —  32 
July    18  —  31 

The  variable  velocity  was  discovered  from  the  third  plate. 
113  Her  cutis  (a  =  i8h  50"';  8  =  +  220  32'). 

Date.  Velocity. 

1900    June     5  -  35k'« 

July      9  —  21 

July    17  -  19 

July    31  —  16 

The  variation  was  discovered  from  the  second  plate. 
2  Scuti  (a  =  i8h  37m;  8  =  —  90  09  ). 

Date.  Velocity. 

1899  June  14  —  49km 
June  19  —  50 

Juty      3  -  45 

1900  June  27  —  40 

July     3  -  38 

Aug.    1  —  49 

Aug.  12  -  38 
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The  lines  in  this  star's  spectrum  are  rather  broad,  and  cannot 
be  measured  very  accurately.  In  addition,  the  third  plate  was 
underexposed;  and  the  range  of  five  kilometers  in  the  approximate 
results  for  the  first  three  plates  afforded  only  a  slight  suspicion  of 
variability.     Its  reality  was  established  from  the  fourth  plate. 

rj  Andromeda  (a  r=  oh  52";  8  =  +  22°  52')* 
Two  components  seem  to  be  visible  in  the  spectrograms  of 
this  star.     The  results  for  the  principal  components  are: — 

Date.  Velocity. 

1899  Oct.    24  —  25km 
Oct.   31  —  26 

1900  July  24  —  12 
Aug.  8  +2 
Sept.    9  —    2 

The  two  component  spectra  appear  to  be  practically  coinci- 
dent in  the  spectrogram  of  1900,  July  24th. 

Mr.  Wright  was  in  charge  of  the  work  with  the  Mills  spec- 
trograph during  my  connection  with  the  Crocker  Eclipse  Expe- 
dition to  Georgia,  from  March  to  late  in  July.  While  following 
the  regular  programme  of  observation,  he  detected  the  variable 
velocities  of  the  stars  £  Ursce  ma/oris,  d  Bo'dtis,  fi  ScuH,  113 
Herculis,  and  2  Scuii,  as  described  above;  and  the  credit  for  these 
five  discoveries  belongs  to  him.  W.  W.  Campbell. 

Solar    Parallax    Observations    Made    at    the    Lick 
Observatory. 

Observations  of  the  planet  Eros  and  of  reference-stars,  for 
determining  the  solar  parallax,  have  been  secured  at  the  Lick 
Observatory,  as  follows: — 

Astronomer  R.  H.  Tucker,  assisted  by  Mr.  R.  T.  Crawford, 
Fellow  in  Astronomy,  obtained  two  meridian-circle  observations 
of  each  of  the  319  reference-stars  forming  the  first  list  in  the 
Bulletin  (No.  4)  of  the  Conference  Astrophotographique  Interna- 
tionale. There  have  been  made  1, 100  observations  in  completing 
this  list,  including  fundamental  and  circumpolar  stars  and  nadirs. 
The  reductions  were  completed,  and  the  manuscript  giving  the 
results  was  ready  for  the  printer,  on  December  21,  1900. 

Mr.  Tucker  has  secured  two  observations  of  each  of  the  352 
stars  forming  the  second  Conference  list.  The  completion  of  the 
second  list  has  required  about  one  thousand  observations.     The 
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observations  are  all  reduced  to  apparent  place,  and  the  mean- 
place  reductions  alone  remain  to  be  made.  Mr.  Crawford 
assisted  on  the  first  one-fifth  of  the  programme. 

Astronomer  W.  J.  Hussey  secured  micrometer-measures  of 
Eros  with  the  36-inch  refractor,  on  eleven  nights,  from  October 
25th  to  December  12th.  Forty-four  complete  observations  were 
secured  at  large  hour-angles  east  of  the  meridian,  and  fifty- five 
at  large  hour-angles  west.     One  observation  is  composed  of 

4  micrometer-differences  in  Declination, 
8  "  "  in  Right  Ascension, 

4  "  "  in  Declination, 

involving  sixteen  micrometer-settings. 

Assistant  Astronomer  R.  G.  Aitken  obtained  micrometer- 
measures  of  the  planet  with  the  36-inch  refractor  on  fifteen  nights 
between  October  21st  and  January  1st.  He  obtained  forty-one 
complete  observations  at  large  eastern  hour-angles,  and  forty- 
two  at  large  western.     Each  observation  is  composed  of 

3  micrometer-differences  in  Declination, 
10  "  4<  in  Right  Ascension, 

3  "  "  in  Declination, 

10  "  "  in  Right  Ascension, 

3  "  "  in  Declination, 

involving  twenty-nine  micrometer-settings. 

With  the  Crossley  reflector,  Assistant  Astronomer  C.  D.  Per- 
rine,  assisted  by  H.  K.  Palmer,  Fellow  in  Astronomy,  secured 
meridian-observations  of  Eros  on  sixty-one  nights,  between  Sep- 
tember 16th  and  January  18th.  These  are  photographic,  on  332 
plates,  five  sets  of  images  on  each  plate.  Three  hundred  plates 
for  parallax  were  obtained  at  large  eastern  hour-angles  on  thirty- 
four  nights,  and  220  plates  at  large  western  hour  angles  on  twenty- 
six  nights.  Many  of  the  images  on  these  plates  are  poor,  and 
unavoidably  so,  on  account  of  the  defective  mounting  of  the 
telescope.  The  great  majority,  however,  are  excellent,  and  only 
the  best  will  be  needed  for  measurement.  Arrangements  for  meas- 
uring the  plates,  made  with  Professor  Rees,  Director  of  Colum- 
bia University  Observatory,  referred  to  in  the  last  number  of  these 
Publications,  leave  no  doubt  that  all  the  merits  of  these  photo- 
graphs will  be  utilized.  No  department  of  Astronomy  is  more 
promising,  or  is  developing  more  rapidly,  than  that  relating  to 
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the  accurate  determinations  of  star- positions  from  photographic 
plates.  Columbia  University  Observatory  has  had  a  very  exten- 
sive experience  in  this  field,  and  is  the  only  institution  in  this 
country  with  equipment  and  organization  suitable  for  doing  this 
work  on  a  large  scale. 

Since  the  middle  of  December,  the  nights  suitable  for  making 
Eros  observations   have   been   unusually   f^w,   even   for  winter 

W.  W.  Campbell. 
1901,  January  30. 

A  Gift  to  the  Lick  Observatory. 

The  Committee  of  the  National  Academy  of  Sciences  in  charge 
of  the  Henry  Draper  Fund  (for  promoting  research  in  astronom- 
ical physics)  have  made  a  grant  of  five  hundred  dollars  to  the 
Lick  Observatory,  to  provide  lenses,  prisms,  slit,  materials,  etc., 
for  the  construction  of  a  thoroughly  modern  one-prism  spec- 
trograph. 

The  spectrographic  work  on  faint  spectra  at  this  Observatory 
was  done  for  several  years  with  the  original  visual  spectroscope, 
provided  with  photographic  lenses.  This  was  unsatisfactory,  on 
account  of  the  very  large  flexure  effects  during  long  exposures. 
Later,  our  one-prism  spectrography  has  been  done  with  a  wooden- 
mounted  instrument.  The  need  of  a  first-class  one-prism  instru- 
ment has  long  been  felt;  and  the  generous  gift  from  the  Draper 
Fund  will  provide  for  its  construction  in  the  near  future. 

j 901,  January  30.  W.  W.  CAMPBELL. 

Comet  Notes. 

Only  three  comets  were  discovered  in  the  year  1900,  all 
unexpected. 

Comet  a  was  discovered  by  M.  Giacobini  at  Nice,  on  Jan- 
uary 31,  1900.  It  was  approaching  the  Sun  rapidly  when 
discovered,  and  in  a  few  weeks  was  lost  to  observation,  only 
reappearing  on  the  other  side  of  the  Sun  toward  the  end  of  May. 
The  last  observation  made  at  this  observatory  was  on  July  2 2d. 
The  comet's  path  was  sensibly  parabolic. 

Comet  b  was  discovered  on  July  23d  by  M.  Borrelly,  at 
Marseilles,  and  independently  by  Dr.  Brooks,  at  Geneva,  N.  Y. , 
a  few  hours  later  on  the  same  night.  It  was  a  conspicuous 
object  in  a  telescope  of  moderate  aperture  for  several  weeks,  and 
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at  its  brightest,  was  visible  to  the  naked  eye.  A  number  of  pho- 
tographs of  it  were  secured  at  the  Lick  Observatory,  some  of 
which  will  be  reproduced  in  a  future  issue  of  these  Publications, 
The  comet  was  last  seen  with  the  36-inch  refractor  on  December 
22,  1900,  at  which  time  it  was  estimated  as  being  about  equal  to 
a  I5th-magnitude  star  in  brightness.  Unfavorable  weather  has 
prevented  any  subsequent  examination.  It  was  found  so  close 
to  its  ephemeris  position  on  the  date  mentioned  that  its  path 
cannot  vary  sensibly  from  a  parabola. 

Comet  c  1900,  discovered  by  M.  Giacobini,  at  Nice,  on  the 
night  of  December  20th,  is  still  under  observation,  though  it  is 
already  so  faint  as  to  be  out  of  reach  of  small  telescopes.  The 
first  three  observations  made  at  Mt.  Hamilton,  and  the  orbit  based 
on  them,  will  be  found  among  the  astronomical  telegrams  in  this 
number.  The  elements  resemble  those  of  Comet  1857  W  suffi- 
ciently to  indicate  that  the  two  comets  may  belong  to  the  same 
family.  If  so,  Comet  c  may  prove  to  be  a  periodic  comet  of 
long  period;  but  further  observations  are  needed  before  this  point 
can  be  decided. 

Finlay's  periodic  comet,  which  returned  to  perihelion  early 
in  the  year  1900,  was  not  detected,  owing  probably  to  its  unfavor- 
able position.  According  to  the  calculations  of  M.  Schulhof, 
it  will  be  much  more  favorably  placed  in  1906,  when  it  will 
approach  within  twenty  million  miles  of  the  Earth. 

Barnard's  comet  of  1884  also  escaped  detection,  as  at  its 
previous  return  in    1890  and   1895. 

E.  Swift's  comet  of  1894,  which  may  be  identical  with  De 
Vico's  comet  of  1844,  returns  to  perihelion  on  February  13th 
of  the  present  year,  and  may  perhaps  be  found  after  perihelion 
passage.  So  far  it  has  not  been  seen,  though  it,  as  well  as  Bar- 
nard's comet,  was  carefully  looked  for  by  Mr.  Perrine  with 
the  36-inch  refractor. 

There  are  several  other  interesting  periodic  comets  that  may 
be  observed  during  the  present  year,  viz  :  Brorsen's,  which 
should  return  to  perihelion  this  month;  Denning' s  (1894), 
Encke's,  and  Brooks's  of  1886,  whose  perihelion  passage 
pccur  in  August  and  September,  1901,  and  January,  1902, 
respectively. 

Mr.  Denning,  in  Knowledge,  has  called  attention  to  the  curi- 
ous fact  that  during  the  century  just  closed,  one  or  more  large 
naked-eye  comets  were  seen  at  intervals  of  about  19^  years  —  in 
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1823,  1843,  1862,  and  1 88 1.  Those  who  are  interested  in  this 
line  of  work  will  sincerely  hope  that  later  writers  may  be  able  to 
add  the  year  1901  to  this  list.  R.  G.  Aitken. 

Astronomical  Telegrams. 
(  Translations. ) 

Cambridge,  Mass.,  Dec.  8,  1900. 
To  W.  W.  Campbell:  (Received  3:05  p.m.) 

Douglas,  of  the  Lowell  Observatory,  telegraphed  last  night 
that  a  projection  was  seen  on  the  north  edge  of  Icarium  Mare  * 
that  lasted  seventy  minutes.        (Signed)        E.  C.  Pickering. 

Boston,  Mass,  Dec.  24,  1900. 
To  Lick  Observatory:  (Received  9:20  a.m.) 

A  comet  was  discovered  by  M.  Giacobini  at  Nice,  on  Decem- 
ber 20.313,  G.  M.  T.,  in  R.  A.  22h  32m,  and  Decl.  —  22°o'  (approxi- 
mate position).  Its  daily  motion  is  -j-  i°3o'  in  R.  A.,  and  —8' 
m  Decl.  (Signed)        John  Ritchie,  Jr. 

Lick  Observatory,  Mt.  Hamilton,  Cal., 
To  Harvard  College  Observatory,  Dec.  24,  1900. 

Cambridge,  Mass.,  (Sent  8:20  p.m.) 

To  Students'  Observatory,  Berkeley,  Cal. : 

Comet  Giacobini  was  observed  by  R.  G.  Aitken  on  December 
24.6022,  G.  M.  T.,  in  R.  A.  22h  59™  io'.2;  Decl.  —  220  44'  41" 

(Signed)         W.  W.  Campbell. 

Cambridge,  Mass.,  Dec.  25,  1900. 
To  Lick  Observatory.:  (Received  8:30  a.m.,  Dec.  26.) 

Kiel  cables  that  Comet  c  (Giacobini)  was  observed  at  Nice 
on  Dec.  24.271,  G.  M.  T.,  in  R.  A.  22b  57m;  Decl. —  220  45'. 
Approximate  position.      (Signed)       Edward  C.  Pickering. 

Lick  Observatory,  Mt.  Hamilton,  Cal., 
To  Harvard  College  Observatory,  Dec.  27,  1900. 

Cambridge,  Mass.,  (Sent  1:57  p.m.) 

To  Student's  Observatory,  Berkeley  Cal. : 

Comet  Giacobini  was  observed  by  R.  G.  Aitken  on  December 
26.62S0  in  R.  A.  23b  nm  23'.6;  Decl.  —  220  57'  59". 

(Signed)         W.  W.  Campbell. 

•  Icarium  Mare  is  in  Martian  Longitude  3»0-345°  and  Martian  Latitude  +  30°±. 
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Lick  Observatory,  Mt.  Hamilton,  Cal., 
To  Harvard  Observatory,  Dec  28,  1900. 

Cambridge,  Mass.,  (Sent  10:55  p.m.) 

To  Student's  Observatory,  Berkeley,  Cal.: 

Comet  Giacobini  was  observed  by  R.  G.  Aitken  on  Decem- 
28.6198  in  R.  A.  23*  23"  i8\5;  Decl.  —  23°  7'  27". 

(Signed)        W.  W.  Campbell. 

Lick  Observatory,  Mt.  Hamilton,  Cal., 

To  Harvard  College  Observatory,  Dec.  31,  1900. 

Cambridge,  Mass.:  (Sent  4:15  p.m.) 

From  the  Lick  Observatory  observations  of  December  24,  26, 

and  28,  elements  and  ephemeris  [here  omitted]  of  Comet  c  1900 

(Giacobini)  were  computed  by  R.  G.  Aitken  as  follows: — 

T  =  December  1.41  G.  M.  T. 

o  =  175°  54'         ) 

O  =  192    39  y  1900.0 

i=    31      1  ) 

natural  q  =  0.9769 

(Signed)         W.  W.  Campbell. 

[The  Lick  Observatory  positions  of  Comet  c  for  the  dates  December 
24th  and  28th,  as  printed  in  Science  Observer,  Special  Circular^  No. 
128,  are  slightly  in  error  owing  to  a  mistranslation  in  each  telegram  of 
the  cipher- word  giving  the  seconds  and  tenths  of  seconds  of  R.  A.,  the 
seconds  of  N.  P.  D.,  and  the  fourth  decimal  of  the  date.  Both  messages 
were  sent  correctly  from  the  Lick  Observatory,  and  were  transmitted 
correctly  by  the  Western  Union  Telegraph  Company  in  San  Jo?e\  The 
correct  translations  are  printed  above.] 
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Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  carrying  out  the  work  of  this  department.  Communications  of  general  interest  will  be 
glad  I  v  received,  and  may  be  sent  to  Sidney  D.  Townley,  2023  Bancroft  Way,  Berkeley, 
California.  

Dr.  Lewis  Swift  has  disposed  of  his  astronomical  equipment 
to  the  Pasadena  and  Mount  Lowe  Railway.  The  instruments 
are  to  remain  on  Echo  Mountain,  and  Professor  E.  L.  Lark  in  is 
now  director  of  the  observatory. 


The  oft-recurring  discussion  concerning  the  management  ot 
the  United  States  Naval  Observatory  is  again  before  the  public. 
The  discussion  was  precipitated  by  the  publication  of  the  report 
of  the  Superintendent  of  the  United  States  Naval  Observatory 
for  the  fiscal  year  ending  June  30,  1900.  In  it  Superintendent 
Davis  takes  occasion  to  criticise  rather  severely  the  actions  and 
report  of  the  Board  of  Visitors  appointed  by  Secretary  Long  in 
1899.  Replies  to  these  criticisms  have  appeared  as  editorials 
and  communications  in  Science,  January  4th,  nth,  and  18th. 
The  discussion  has  now  reached  such  a  point  that  its  continua- 
tion will  be  productive  of  very  little  good.  A  great  many 
astronomers  think  the  present  management  of  the  Observatory 
is  fundamentally  wrong.  It  is  to  be  hoped  that  they  will  soon 
make  a  determined  effort  to  have  the  Observatory  reorganized,  or 
else  keep  still  and  give  the  new  staff  a  chance  to  show  what  it 
can  do. 

Volume  XVI II  of  the  Publications  of  the  National  Observatory 
of  the  Argentine  Republic  has  been  received  recently.  It  is  a 
continuation  of  the  Southern  Durchmusterung,  and  contains  a 
catalogue  of  149,447  stars,  being  all  the  stars  down  to  the  tenth 
magnitude  in  the  zone  420  to  520  South  Declination.  It  is  a 
matter  of  congratulation  that  Dr.  Thome,  notwithstanding  many 
difficulties,  financial  and  others,  has  been  able  to  bring  the  third 
part  of  this  great  work  to  completion. 


At  the  annual  public  meeting  of  the  Paris  Academy  of 
Sciences,  held  on  December  17,  1900,  the  following  prizes  were 
awarded  for  astronomical  work:  The  Lalande  prize,  to  M.  Gia- 
cobini,  of  Nice,  for  his  work  on  comets;  the  Damoiseau  prize,  to 
M.  J.  von  Hepperger,  for  his  work  on  the  influence  of  the 
planets  on  comets;  the  Valz  prize,  to  M.  P  Abbe"  Verschaffel, 
for  work  done  at  the  Abbadia  Observatory;    and  the  Janssen 
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prize,    to   Professor   Barnard,    for   the   discovery   of  the   fifth 
satellite  of  Jupiter. 

The  A sirophysical Journal  for  December  contains  an  important 
article,  by  Professor  Edwin  B.  Frost,  on  the  spectroscopic  and 
photographic  work  of  the  Yerkes  Eclipse  Expedition  (May, 
1900).    The  conclusions  reached  are  summarized  as  follows:  — 

"The  experience,  principally  of  Sir  Norman  Lockyer  and  Mr.  J. 
Evershed,  is  confirmed,  that  useful  results  may  be  obtained,  without 
much  risk  of  failure,  by  the  employment  of  the  simple  objective-prism 
camera. 

41  It  is  shown  that  the  concave  grating,  used  direct,  without  interven- 
tion of  mirrors  or  lenses,  will  furnish  sufficiently  bright  images  of  the 
flash  spectra,  and  probably  of  the  corona,  for  useful  measurement  and 
discussion. 

"It  appears  that  spectra  photographed  with  such  instruments  just 
before  or  after  totality  (within  about  thirty  seconds  of  the  times  of  con- 
tact), yield  quite  as  valuable  results  as  those  taken  at  the  precise  instants' 
of  contact. 

"It  is  demonstrated  that  the  stronger  dark-lines  of  the  solar  spec- 
trum are  in  a  large  proportion  reversed  in  a  narrow  stratum  at  the  base 
of  the  chromosphere,  and  the  evidence  indicates  that  this  is  equally  true 
of  the  fainter  lines. 

"The  differences  in  intensities  of  the  bright  and  dark  lines  are  chiefly 
due  to  an  increase  in  the  intensities  of  the  former,  especially  for  such  ele- 
ments as  strontium,  rather  than  to  a  decrease  in  the  intensities  of  the 
latter. 

"The  chemical  origin  of  the  dark  lines  which  are  reversed  is  found 
in  elements  which  are  among  those  most  numerously  represented  in  the 
spectrum.  This  tends  to  show  that  the  reversal  is  not  an  inherent  peculi- 
arity of  special  elements,  but  rather  a  phenomenon  of  lines  in  general." 

Continuing  the  plan  inaugurated  last  year  letters  were  recently 
sent  to  the  directors  of  the  observatories  of  the  Pacific  Coast, 
asking  for  a  statement  of  the  work  accomplished  during  1900. 
From  the  answers  received  the  following  accounts  have  been 
written:  — 

Chabot  Observatory. — Instruction  in  connection  with  the  schools  of 
the  city  of  Oakland  has  continued,  as  in  former  years,  to  be  the  chief 
work  of  this  Observatory.  A  lecture-hall,  to  be  used  for  school  and 
general  educational  purposes,  has  recently  been  erected  adjoining  and 
communicating  with  the  Observatory.  The  hall  is  about  seventy-five 
feet  long  and  provided  with  six  hundred  opera  chairs.  Very  complete 
arrangements  have  been  made  for  heat,  ventilation,  and  light.  Arc-light 
and  solar-projection  lanterns  have  been  provided  for  the  use  of  lecturers. 
Considerable  of  Mr.  Burck halter's  time  during  1900  was  taken  up  in 
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connection  with  the  eclipse  of  May  28th,  which  he  successfully  observed 
at  Siloam,  Georgia.  An  account  of  his  expedition,  together  with  some 
reproductions  of  the  photographs  taken,  may  be  found  in  No.  75  of  these 
Publications, 

International  Latitude  Observatory.  —Latitude  observations 
were  continued  at  the  Observatory  in  Ukiah  without  interruption  during 
1900.  Dr.  Schlesinger's  report  of  the  work  accomplished  is  as  follows: — 

14  The  programme  of  the  International  Geodetic  Association  for 
observing  Variations  of  Latitude  has  been  continued  without  modification 
at  this  station,  as  well  as  at  the  five  others,  throughout  1900.  An  account 
of  the  programme  is  to  be  found  in  No.  71  of  these  Publications.  Below 
is  given  a  summary  of  the  observations  made  here  during  the  year:  — 

"  I .  Observations  for  Latitude  proper.  — The  following  table  shows  the 
number  of  nights  and  the  number  of  pairs  observed  in  each  month:  — 

January   ...  15  nights 

"February    .   .  13  •* 

March  ....  14  " 

April    ....  11  '* 

May 18  " 

June 13  " 

uly  .   .   .   .   .  15  •• 

August ....  14  ** 

September .   .  14      *' 

October  ...  14  •• 

November .  .  13  " 

December  .  .  14  " 

Totals  .    .  168  nights  2,103  pairs 

14 These  numbers  include  'refraction  pairs '  (about  twenty  per  cent,  of 
the  total),  which  are  not  used  for  determining  the  latitude,  but  to  detect 
possible  anomalies  in  the  refraction. 

'  *  1 1 .  Observations  for  the  control  of  the  position  of  the  instrument. — 
This  work  has  been  much  simplified  by  the  use  of  the  meridian- marks. 
These  having  once  been  set  in  place,  the  azimuths  are  held  in  excellent 
control.  Although  observations  were  frequently  made  to  test  the  adjust- 
ment of  the  marks,  the  latter  might  have  been  assumed  correct  through- 
out the  entire  year  without  incurring  any  appreciable  error  in  the  latitude. 
Similarly,  the  colli  ma  ti  on  and  lateral  flexure  have  remained  sensibly  con- 
stant; the  former  varied  only  0M0  from  its  mean  value  during  the  year. 
"III.  Observations  for  values  of  the  level  spaces. — Nine  tests  were 
made  for  each  of  the  two  levels  with  which  the  zenith-telescope  is  pro- 
vided. These  tests  are  based  upon  the  star  observations  by  a  method 
described  on  another  page  of  this  publication. 

41 IV.  Observations  for  micrometer  value. — Two  series  of  observa- 
tions for  this  purpose  were  executed;  one  on  circum polar  stars  near 
elongation,  the  other  upon  stars  in  the  Pleiades  whose  differences  of 
declinations  have  been  well  determined,  especially  by  Bessel,  Elkin,  and 
Jacoby. 

"  V.  Observations  for  screw-errors.— The  progressive  errors  of  the 
screw  were  determined  by  suspending  a  vertical  scale  at  some  distance 
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from  the  telescope  and  then  determining  the  errors  of  the  scale  and  the 
screw  simultaneously.  A  more  detailed  account  of  this  investigation  will 
be  given  later. 

"  A  definitive  reduction  of  the  observations  made  at  all  the  stations 
up  to  31st  December,  1900,  is  now  in  progress  at  Potsdam,  and  will 
shortly  be  published.  A  preliminary  reduction,  already  made,  gives 
promise  of  unprecedented  accuracy  in  the  determination  of  the  path  of 
the  Earth's  pole  of  rotation  upon  its  surface." 

Lick  Observatory. — Through  the  "  Notices  from  the  Lick  Observa- 
tory," the  readers  of  the  Publications  are  kept  well  informed  concerning 
the  work  carried  on  in  that  institution.  During  the  past  year,  in  addi- 
tion to  the  regular  work  of  the  Observatory,  an  eclipse  expedition  to 
Georgia  was  undertaken  by  Dr.  Campbell  and  Mr.  Perrine.  These 
two  observers  were  assisted  by  about  a  dozen  volunteer  workers,  and  a 
large  programme  of  work  was  successfully  carried  out  in  the  short  time 
of  totality.  A  general  account  of  the  expedition  was  printed  in  No.  75  of 
these  Publications^  and  the  more  detailed  account  will  be  issued  later  by 
the  Observatory. 

Professor  Keeler's  second  annual  report,  written  only  a  few  weeks 
before  his  death,  has  recently  been  published  in  President  Wheeler's 
biennial  report  to  the  Governor  of  the  State.  The  report  contains,  in 
some  detail,  an  account  of  the  work  being  carried  out  with  the  various 
instruments.  Extracts,  concerning  the  work  with  the  two  largest  instru- 
ments, are  given  below.  "About  half  the  time  of  the  36-inch  equatorial 
is  devoted  to  spectroscopic  determinations  of  the  motions  of  stars  in 
the  line  of  sight,  with  the  aid  of  the  Mills  spectrograph.  This  depart- 
ment of  the  scientific  work  of  the  Observatory,  which  is  probably  as 
important  as  any  work  that  can  be  done  at  the  present  time  with  a  large 
telescope,  has  been  admirably  systematized  by  Dr.  Campbell,  who  is 
assisted  in  the  observations  and  reductions  by  Mr.  Wright.  The  prob- 
able error  of  a  single  determination  is  only  about  0.25  km-  for  the  best 
stars,  a  degree  of  accuracy  which  has  never  before  been  reached  in  such 
measurements.  A  correcting-lens,  which  is  placed  in  the  cone  of  rays 
from  the  36-inch  objective,  and  which  changes  the  chromatic  aberration 
of  the  telescope  so  as  to  adapt  it  to  photographic  work,  has  added  some- 
what to  the  accuracy  and  very  much  to  the  convenience  of  the  observa- 
tions. .  .  .  For  the  remaining  half  of  the  time  the  telescope  has  been 
used  for  micrometric  work  by  Mr.  Hussev,  Mr.  Perrine,  and  Mr. 
Aitken,  and  occasionally  by  other  observers.  Series  of  observations  of 
the  satellites  of  Neptune  and  Mars  have  been  made  by  Mr.  Hussey;  of 
the  satellites  of  Neptune  and  Uranus  by  Mr.  Aitken.  A  hundred  and 
fifty  sets  of  measures  of  planetary  nebulae,  for  parallax,  and  a  set  of 
measures  for  determining  a  possible  refractive  effect  on  stars  by  the 

head  of  Swift's  comet,  have  been  made  by  Mr.  Perrine 

Observation  with  the  Crossley  reflector  is  subject  to  more  limitations 
than  observations  with  the  other  instrument.  Work  cannot  be  pursued 
on  moonlight  nights,  in  slightly  foggy,  or  even  in  damp  weather.  Never- 
theless, about  seventy  photographs  have  been  made  of  forty  different 
nebulae  and  star-clusters,  mostly  with  long  exposures  of  from  three  to 


Astronomical  Society  of  the  Pacific. 


43 


four  hours  each,  and  from  the  most  interesting  of  these,  positive  enlarge- 
ments have  been  made  on  glass.  The  definition  of  these  photographs, 
and  the  amount  of  detail  shown  by  them,  are  surprising.  Many  new 
features  are  shown,  and  some  general  conclusions  ot  the  highest  interest 
have  already  been  drawn.  From  one  to  sixteen  new  nebula?  have  been 
found  on  nearly  every  plate  exposed,  and  I  have  estimated  that  Lhe 
number  of  new  nebulae  in  the  skyf  within  reach  of  the  Crossley  reflector, 
may  be  something  like  120,000," 

Mount  Lowe  Observatorv— Pr,  Swift,  owing  to  advanced  age, 
did  but  little  astronomical  work  during  1900,  As  stated  in  another  place 
in  these  notes,  Dr.  Svvjft  has  disposed  of  his  astronomical  outfit,  and 
Professor  Edgar  L.  Lark  in,  formerly  Director  of  the  Knox  College 
Observatory,  Galesburg,  III.,  is  now  Director  of  the  Mount  Lowe  Observ- 
atory. Professor  La  k  kin  took  charge  of  the  observatory  January  t,  1901 , 
and  writes  that  he  is  now  engaged  in  reorganizing  the  observatory, 
making  necessary  repairs,  etc.  When  all  of  the  necessary  changes  are 
made  he  expects  to  give  his  time  to  spectroscopic  work,  mostly  upon 
the  Sun* 

Naval  Observatory. —  Mare  Island.—  Lieutenant  Guy  W,  Brown, 
U.  S,  Navy,  writes  that  owing  to  many  duties  as  a  naval  officer,  no  astro- 
nomical work  other  than  that  of  maintaining  the  time-service  of  the 
Pacific  Coast  was  attempted  at  Mare  Island. 

Students'  Obser%tatory. — The  work  at  the  Students'  Observatory, 
Berkeley,  is  nearly  all  in  the  Itne  of  instruction,  and  the  time  of  the  mem- 
bers of  the  staff  is  given  to  directing  and  supervising  the  work  of  students 
rather  than  to  research  work.  During  the  last  two  years  a  much  closer 
re1.it ion  between  the  Berkeley  and  Lick  Astronomical  Departments  of 
the  University  has  been  established.  It  has  been  Professor  Leitschnek's 
ambition  to  build  up  here,  in  connection  with  the  Lick  Observatory,  a 
thorough  School  of  Astronomy.  During  the  past  year  a  comprehen- 
sive course  of  study,  both  undergraduate  and  graduate,  has  been  out- 
lined! and  a  special  announcement  to  students  is  now  being  printed.  We 
hope  to  give  a  more  detailed  account  of  this  in  the  next  number  of  these 
Publications.  During  the  first  term  of  1900,  the  total  enrollment  in  astro- 
nomical courses  was  130,  and  during  the  second  term  120.  Among  the 
special  lines  of  work  carried  out  during  the  past  year,  the  following 
may  be  mentioned:  Computation,  by  Professor  Leuschner  and  Miss 
Hobe,  of  the  orbit  of  a  faint  asteroid  discovered  by  Professor  Keeler 
with  the  Crossley  Reflector,  June  2S,  1900;  computation  of  the  elements 
of  the  Crossley  asteroid  1S99  FD,  by  Mr.  Palmer  and  Mr,  Phipps;  notes 
on  the  computation  of  preliminary  orbits  (A.  M  No.  3669)  by  Mr, 
Swague;  adaptation  to  tang  intervals  of  Von  Oppolzers"  method  of 
computing  comet  orbits  from  four  observations*  by  Mr,  Kuno. 

United  States  Coast  and  Geodetic  Survey  Observatory* — 
This  observatory;  situated  in  the  Presidio  Reservation,  San  Francisco, 
and  provided  with  a  transit  and  a  zenith-telescope,  is  used  as  a  longitude 
base  for  the  determination  of  new  stations  by  telegraphic  time-signals 
and  for  practice  of  observers.  Captain  Avg.  P.  Rogers,  Assistant  in 
Coast  Survey ,  and  in  charge  of  the  observatory,  writes,  however,  that  no 
new  determinations  were  made  during  1900. 
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Minutes  of  the  Meeting  of  the   Board  of  Directors, 

held    in    the    rooms    of    the    society, 

January  26,  1901,  at  7:30  p.  m. 

Mr.  Burckhalter  presided.  A  quorum  was  present  The  minutes 
of  the  last  meeting  were  approved.  The  following  members  were  duly 
elected:— 

List  of  Members  Elected  January  26,  1901. 

Mr.B.A.BMRD |  U;eSy,^Baonxd2?xtseR,§ii: 

Mr.CF.DKMoxT {  *'&*&*$,  § ™^> 

Mr  F  R  I  KAvmr  i  Rooms  13  &  14.  4th  floor,  Mills 

Mr.  E.  B.  Leaming }     Building,  S.  F.,  CaL 

Prof.  A.  O.  Leuschner J  20^  Bancroft  Way,  Berkeley, 

Mr.  C.  E.  Sanger 932  E  St.,  San  Diego,  Cal. 

Dr.  Frank  Schlesinger Ukiah,  Cal. 

Mr.  V.  Str6vberg )0DSenmaatk0ry'  Copenhagen« 

Adjourned. 

Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,  held  in  the  Lecture  Hall  of  the 

California  Academy  of  Sciences,  January 

26,   i9oi,  at  8  o' clock  p.  m. 

Mr.  Burckhalter  presided.  The  minutes  of  the  last  meeting  were 
approved. 

The  following  papers  were  presented:— 

1.  The  Determination  of  the  Motion  of  the  Solar  System,  from  Observations  with  the 

Mills  Spectrograph,  by  Prof.  W.  W.  Campbell. 

2.  Planetary  Phenomena  for  March  and  April,  1901,  by  Prof.  M.  McNkill. 

3.  A  Method  for  Determining  the  Value  of  an  Average  Space  of  a  Latitude- Level  in 

Terms  of  a  Micrometer-Turn,  by  Frank  Schlesingkr. 

A  committee  to  nominate  a  list  of  eleven  Directors,  and  committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held  on 
March  30th,  was  appointed  as  follows:  Messrs.  D.  S.  Richardson, 
(chairman),  J.  Costa,  M.  Mullany,C.  F.  A.  Talbot,  L.  H.  Pierson. 

A  committee  to  audit  the  accounts  of  the  Treasurer,  and  to  report 
at  the  annual  meeting  in  March,  was  appointed  as  follows:  Messrs.  Wm. 
H.  Lowden  (chairman),  O.  von  Geldern,  F.  H.  McConnell. 

The  chairman  then  introduced  Professor  Campbell,  the  lecturer  ot 
the  evening,  who  gave  an  account,  illustrated  by  lantern-slides,  of  the 
progress  of  the  work  being  done  at  the  Lick  Observatory  on  the 
determination  of  the  Motion  of  the  Solar  System,  from  observations 
with  the  Mills  Spectrograph. 

Adjourned. 
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•  f'irgi  P'ht-Prttident 
Second  Vicc-Prt»id*Hi 
Third  Vfct'Prttidtui 

Secretaries 


OFFICERS   OF   THE  SOCIETY, 
Mr,  |*ltal  I     Keeikk*      , 

Mil*    Hr    O'H  ALU»KAfi,  , 

Mr.  S-  D.  Towwlry 

Mr,  C*  f>,  PwtltNl   I 

Mr,  F,  R.  2»«l  1 

Mr.  F.  R.  Zt*L  -  Treasurer 

Baatdflf  DirecUn—  Mwin,  Bi/rckhaltsr,  CAMrnfcj_L,  Dokhrkr,  Hill,  Keels*,*  Molkha, 

G'Hau.o(an,  Me**r*,  Prkjuhe,  Piiuok,  Towwley,  Ziel. 
Finance  Cemmittee—y.c^sx\.  Fierson,  Bcrckhaltir,  Hill. 
Committee  #jf  Publication — Meur<>.  Aitken.  Towjiuv,  v»i*  Gkldehk, 
JLibrqry  Committee—  Mr.  Town  Ley,  Alisi  O'HAmrntAw,  Miss  Hobs, 
Committee  #n  the  Cemet+Medai—Mcsan.  Kkei.ek  *  f_rr^fril\  Picrsok,  BuhcKh  alter. 

OFFICERS  OF  THE  CHICAGO  SECTION. 
E.**<*tivt  Committee— \U,    Rvruvtct*   w\    Pjkr. 

OFFICERS  OF  THE  MEXICAN  SECTION, 
Hxecmtir*  C<ttmmi4/ftt—Mr.  Francisco  Rodriguez  Re  if. 


NOTICE. 

Tlie  allention  of  new  members  Is  called  to  Art  j.  It  VII]  of  the  By-Laws,  which  provides 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  yt*rtiulv,  Sublet  tun  it 
annua)  payments  are  one  on  January  ist  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible.  Uuts  sen  thy  mail 
Ifbttlld  be  directed  to  Astrotiotntt  .<l  Bo*  N  ll  ol  the  Par  ine^to  Market  Street,  San  Francisco, 

1 1  It  Intended  thiil  cat  h  member  of  lb*  S»n  hi  y  stiall  receive  a  ccpy  of  each  one  of  the 
Puhisctitf •  hj  forthcyeai  in  which  be  was  elected  to  membership  ami  lor  all  inheegoenl 
years,  I  f  there  have  been  lunfoi  tunau h  )  any  omissions  la  this  matter,  it  is  requested  lhat 
ihe  SecrcEanes  be  at  oik*  notified,  in  order  that  the  missing  numbers  may  be  suppiu  d, 
Members  are  requested  to  preserve  the  copies  of  the  Publication*  of  the  Society  as  sent  to 
them.  Once  each  year  a  tiilc-pagc  and  content  s  of  the  preceding  numbci  5  wit!  also  he  sent 
lo  the  Sternberg,  who  can   then  bind  the  numbers  together  mlo  a  volume.     Complete 

net  for  past  years  will  also  be  supplied,  to  members  only,  so  far  u  the  stoi  k  in  haml 

■..  ient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  Stales  can  obtain  books  from  ihe  Society's  library 

nd big  his  library  card  with  ten  cents  in  stamps  to  the  Sect  eta  ry  A.  S.  P,*  Sio  Market 
Street,  San  Francisco,  who  will  return  the  hook  and  tbeeardL 

Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  are 
printed  In  the  PuvfieaJi&Hs  is  decided  simply  by  convenience.  In  a  general  way,  I 
pipers  are  printed  first  which  are  earliest  accepted  for  publication.  It  is  not  possible  to 
o.iid  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
I  Ut  I  ted  States.  The  responsibility  for  the  views  expressed  in  the  papers  primed  rests  with 
the  writers,  ami  is  not  assumed  by  the  Society  its-i-lf. 

The  titles  of  papers  for  reading  sin  u  Id  be  communicated  to  either  of  the  Secretaries  as 

early  ss  possible,  as  well  as  any changes  in  addresses.    The  Secretary  in  San  Francisco  will 

*end  to  any  member  of  the  Society  suitable  stationery,  stamped   with  the  seal  *>i   the 

ost  price,  as  follows:  a  hi 01  ci  ol  h  Iter  paper,  40  cents;  of  note  paper,  25  cents; 

a  package  of  envelopes,  25  cents.    These  prices  in-  I  ude  postage,  and  should  be  remitted 

iiey order  or  in  LJ.  S, postage  stamps.     "1  "he sending*  are  at  the  risk  of  the  member. 

Those  numbers  w-ho  prnpi^e  to  atlem!  the  meetings  at  Mount  Hamihon  during  the 
summer  should  communicate  wilb  "  The  Secretary  Astronomical  Society  *.'\  the  Pacific" 
at  Ihe  room*  of  the  Society,  aio  Market  Street,  Sau  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  1 


Pf  'Ml  ft  A  J  P  K\\S   /.  vs  t  ED    M  hMi  W  TUL  V, 
{FtbtHutYi  ^/M/,>Bf,  August,  October,  December*) 
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PHOTOGRAPHS  OF  THE   ZODIACAL   LIGHT. 


By  A.  E.  Douglass. 


The  accompanying  photographs  of  the  western  zodiacal  cone 
were  made  by  the  writer  on  February  13,  1901.  The  lens  was 
made  by  Alvan  Clark  &  Sons  in  1899  especially  for  this  pur- 
pose. It  has  the  Fraunhofer  curves.  Its  clear  aperture  is  0.9, 
inch  and  its  focus  1.8  inches,  a  ratio  of  1  :  2.  The  mounting  used 
in  this  work  is  largely  home-made,  consisting  of  a  powerful  Seth 
Thomas  clock-movement,  working  into  a  cog-wheel  having  120 
teeth,  attached  to  an  inverted  altazimuth  mounting  belonging  to  a 
two- inch  telescope. 

Previous  to  February  13th  a  number  of  photographs  had  been 
obtained  with  this  apparatus,  by  exposures  of  an  hour  or  more. 
On  that  date,  however,  trials  of  short  exposures  were  made  with 
immediate  success.  It  appears  that  when  the  Zodiacal  Light  is 
at  its  best,  exposures  of  eight  minutes  are  ample;  at  its  worst, 
thirty  minutes  are  required,  as  for  the  Gegenschein.  Impres- 
sions of  the  Gegenschein  have  almost  certainly  been  obtained,  but 
more  experimenting  is  necessary  before  successful  prints  can  be 
made. 

Trials  of  some  eight  or  ten  different  developers  have  been 
made,  with  the  result,  thus  far,  that  two  may  be  used  with  safety, 
a  fairly  strong  glycin  developer  and  a  hydrochinpn  developer 
with  about  twenty-five  drops  of  bromide  solution  for  every  two 
ounces,  and  perhaps  a  few  drops  of  a  ten-percent,  solution  of 
yellow  prussiate  of  potash.  The  development  with  the  glycin 
may  be  carried  on  for  almost  any  length  of  time  without  fogging, 
but  it  is  largely  finished  in  thirty  minutes.     The  development  in 
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the  hydrochinon  may  be  continued  for  thirty  minutes,  or  until  the 
plate  fogs.  As  far  as  the  trials  go,  the  glycin  is  slightly  better 
than  the  hydrochinon. 

The  first  negative  obtained  at  this  observatory,  showing  the 
Zodiacal  Light,  was  on  March  10,  1899.  Many  different  lenses 
were  tested,  and  a  number  of  satisfactory  negatives  were  obtained, 
of  which  one  of  the  best  was  of  the  eastern  cone,  on  October  7, 
1899.  This  was  reproduced  in  Popular  Astronomy,  No.  74, 
April,  1900.  But  the  engraving  did  not  by  any  means  equal  the 
photographic  print.  And,  besides  that,  the  original  exposures 
before  the  present  year  were  all  made  by  hand-following.  This 
tedious  work  was  done  nearly  always  by  Mr.  W.  A.  Cogshall. 

Lowell  Observatory, 

Flagstaff,  Arizona,  March  11,  1901. 


PHOTOGRAPHIC  OBSERVATIONS  OF  COMET  II,  1900 
(Borrelly-Brooks). 


By  H.  K.  Palmer. 


This  comet  was  discovered  by  Borrelly,  at  Marseilles,  and 
independently  by  Brooks,  at  Geneva,  N.  Y.,  on  July  23,  1900. 
At  the  time  of  its  discovery  it  had  a  bright  stellar  nucleus  of  about 
the  6y2  magnitude  It  was  first  observed  at  the  Lick  Observa- 
tory on  July  24th,  and  was  found  to  be  bright  enough  to  warrant 
a  series  of  photographs.  Accordingly,  on  the  25th,  this  series 
was  begun,  and  was  continued  until  August  4th,  when  the  Moon 
interfered.  By  the  time  the  Moon  was  out  of  the  way  the  comet 
had  become  so  faint  that  further  photographic  observations  were 
impossible. 

On  July  25th,  the  comet  was  photographed  with  the  Crocker 
telescope,  but  on  all  succeeding  nights,  except  August  4th,  with 
a  Willard  lens  attached  to  the  five-inch  Floyd  telescope.  The 
latter  was  used  as  a  guiding  telescope.  Both  the  Crocker  and 
the  Willard  lenses  have  apertures  of  six  inches.  The  focal  length 
of  the  Crocker  is  30.82  inches,  while  that  of  the  Willard  lens  is 
only  25.99  inches.  On  the  photograph  taken  with  the  Crocker 
telescope,  1  degree  =  0.538  inch;  and  on  those  taken  with 
the   Willard   lens,    1    degree  =  0.454   mcn«     The  photographs 


July  25.     Ksp.  ih  io"\ 


July  27*     K*p.  ab  15*. 


Aug*  2.     Bap.  V   2".  \u£.  3,     Exp,  3*  9"^ 

I    "MF    I     u*Xi    U.       fHuKKKMA-HkfrtiKS), 
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shown  here  have  all  been  enlarged  to  the  uniform  scale  of  i 
degree  =  o.  75  inch. 

The  usual  method  of  guiding  these  telescopes  is  to  keep  the 
head  of  the  comet  on  the  intersection  of  two  coarse,  dark  cross- 
wires  in  the  focus  of  the  guiding  telescope.  The  nucleus  of  this 
comet  was  so  small  that  it  was  completely  hidden  by  the  wires, 
leaving  nothing  but  the  diffuse  head  to  guide  upon.  After  three 
nights'  trial  of  this  method,  double  wires  were  substituted  for  the 
single  wires,  and  the  nucleus  was  kept  inside  the  square  formed 
by  their  intersections.  This  kept  the  nucleus  in  sight  all  the 
time.  The  square  was  very  little  larger  than  the  nucleus.  This 
method  required  more  careful  watching  than  the  other,  as  there 
were  four  intersections  for  the  nucleus  to  hide  behind  instead  of 
one;  and  when  it  disappeared  some  time  was  required  to  find  it. 
So  long  as  the  nucleus  was  kept  in  sight  within  the  square,  this 
method  gave  better  results  than  the  other,  as  can  be  seen  by 
comparing  the  star-trails  on  the  photographs  taken  on  July  25th 
and  27th  with  those  taken  later. 

On  July  25th,  with  an  exposure  of  only  1*  iom,  the  tail  could 
be  traced  for  about  four  degrees.  It  was  very  slender  and  straight, 
but  so  faint  that  less  than  half  of  it  can  be  seen  on  the  accom- 
panying photograph.  With  an  exposure  of  six  minutes  on  the 
same  night,  the  tail  appeared  to  be  only  half  a  degree  long.  On 
the  plate  of  July  26th  the  tail  was  but  forty  minutes  long,  and 
was  very  faint,  except  within  fifteen  minutes  of  the  head.  The 
long,  slender  parts  seen  on  the  night  before  had  disappeared, 
although  the  exposure  was  of  ih  37m  duration.  On  the  same 
night  Mr.  Crawford  secured  a  photograph  with  the  Crocker 
telescope  with  an  exposure  of  about  two  hours,  which  showed  the 
same  short  tail.  That  night  the  tail  seemed  to  fork  about  twenty 
minutes  from  the  head.  The  same  phenomenon  was  noticed  on 
July  27th,  whereas  the  plates  taken  after  that  showed  the  tail  to  be 
fan-shaped,  as  though  the  space  between  the  forks  had  been  filled 
in.  On  July  29th  and  August  3d  the  tail  was  fan-shaped  for  only 
half  its  length,  the  outer  half  being  straight  and  slender.  In  both 
cases  this  extension  was  very  faint  — too  faint  to  show  on  any  of 
the  accompanying  reproductions.  The  length  of  the  tail  varied 
irregularly,  not  being  entirely  dependent  upon  the  length  of  the 
exposure,  as  is  shown  in  the  following  table.  In  this  the  first 
column  gives  the  date  of  the  exposure,  the  second  the  length  of 
the  exposure,  and  the  third  the  length  of  the  tail. 
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PHOTOGRAPHS  OF  COMET   II,    I9OO,    (BORRELLY-BROOKS). 

tw-  n>v«wMt..r«        Length        Position- Angle.  T    D 

Date.  Exposure.      ofTail        TaiL     Radiu8.Vector.    T"~R* 


July  25 

IhIOm 

4° 

245° 

253° 

-  8< 

25 

6 

3o' 

26 

1  37 

40 

236 

254 

—  18 

246 

254 

—  8 

27 

2  15 

70 

240 

254 

-  14 

28 

2  38 

80 

245 

255 

—  10 

29 

2  29 

80 

238 

255 

-  17 

30 

2  47 

60 

242 

256 

-  14 

3i 

2  6 

90 

247 

257 

—  10 

Aug.  1 

3  10 

60 

244 

257 

-  13 

2 

3  2 

40 

250 

258 

-  8 

3  3     9       120         250         258         -    8 

4  57         30         

The  tail  was  so  faint  that  if  the  air  happened  to  be  at  all  hazy 
the  end  of  it  would  be  obscured.  This  would  hardly  be  suffi- 
cient to  explain  the  difference  between  the  lengths  of  the  tail  on 
August  2d  and  3d. 

On  all  the  plates,  except  the  second  and  last,  the  slide  of  the 
plate-holder  was  left  out  about  two  inches  after  the  exposure,  and 
the  clock  stopped,  allowing  the  stars  to  trail  on  one  end  of  the 
plate.  The  position-angle  of  the  tail  was  then  determined  from 
the  angle  between  these  trails  and  the  axis  of  the  tail.  The  tail, 
in  most  cases,  was  so  very  short  and  ill-defined  that  the  axis 
could  not  be  determined  with  certainty,  and  consequently  the 
position-angle  was  estimated  to  the  nearest  degree  only.  This 
quantity  is  given  in  column  four  of  the  table.  Column  five  con- 
tains the  computed  position-angle  of  the  radius- vector  of  the 
comet,  and  column  six  the  difference  between  columns  four  and 
five,  in  the  sense  column  four  minus  column  five.  Two  values 
are  given  for  the  position  angle  of  the  tail  on  July  26th,  one  for 
each  fork.  The  mean  of  the  two  values  of  T — R  is  130, —  but 
little  greater  than  the  mean  of  the  whole  column,  which  is  n°.6. 
While  these  values  of  T — R  appear  to  vary  a  great  deal,  it  is  not 
much  more  than  it  is  to  be  expected,  as  an  examination  of  the 
accompanying  photographs  will  show  how  uncertain  the  position 
of  the  axis  of  the  tail  is.  Greater  extent  of  tail  can  be  seen  on 
the  negatives,  but  it  is  so  faint  that  the  extension  hardly  adds  to 
the  accuracy.  The  values  of  T  —  R  have  a  range  of  only  ten 
degrees,  and  all  show  a  decided  negative  value,  larger  than  the 
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probable  error  of  the  result;  showing  that  the  tail  did  not  coincide 
with  the  radius- vector  of  the  comet. 

The  whole  head  was  so  bright  that  even  on  the  six-minute 
plate  the  nucleus  has  disappeared  from  over-exposure.  An 
exposure  of  less  than  a  minute  would  probably  have  been  sufficient 
to  show  the  nucleus  alone. 


A  PRELIMINARY  DETERMINATION  OF  THE  MOTION 
OF  THE  SOLAR  SYSTEM.* 

By  W.  W.  Campbell. 


The  first  investigation  undertaken  with  the  Mills  spectro- 
graph, in  May,  1895,  related  to  the  determination  of  the  radial 
velocities  in  the  system  of  Saturn.^  It  confirmed,  in  all  respects, 
the  noted  results  announced  by  Professor  Keeler  a  few  weeks 
earlier.  Determinations  of  stellar  velocities  were  now  under- 
taken, and  results  of  considerable  accuracy  were  at  once  obtained. 
The  observed  velocities  of  a  bright  solar  type  star  could  be 
depended  upon  to  fall  within  a  range  of  five  or  six  kilometers. 
However,  it  soon  became  apparent  that  the  instrument  contained 
many  defects.  Some  of  these,  with  their  remedies,  have  been 
described  in  my  article  on  "The  Mills  Spectrograph,' '  in  the 
Journal  for  October,  1898;  but  the  large  majority  were  purely 
local,  and  do  not  call  for  special  comment.  The  greater  part  of 
the  first  year  was  devoted  to  isolating  and  eliminating  these 
defects;  and  it  was  not  until  the  summer  of  1896  that  results 
considered  satisfactory  for  publication  were  secured.  Added 
precautions  taken,  and  improvements  made  in  the  instrument 
and  methods,  have  shown  corresponding  and  gratifying  increase 
of  accuracy  from  year  to  year. 

Following  the  methods  of  observation  already  described  in 
the  Journal^  two  thousand  spectrograms  have  been  secured  since 
the  summer  of  1896.  These  include:  plates  of  the  solar  spectrum 
for  determining  the  camera-focus  and  scale- values;  plates  of  stel- 
lar spectra  for  determining   the   focus  of  the  36-inch  objective 


•  Reprinted  from  the  Astrophysica!  Journal  for January \  1901. 
\  Astt  ophy steal  Jovrnal,  August,  1895,  pp.  127-135. 
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at  different  temperatures;  plates  of  comparison-spectra,  etc.; 
perhaps  one  hundred  stellar  spectrograms  rejected  for  cause, 
without  measurement;  and  in  the  neighborhood  of  fifteen  hun- 
dred satisfactory  spectrograms  of  about  three  hundred  and  twenty- 
five  stars,  situated  between  the  North  Pole  and  Declination  —  300. 
At  least  three  or  four  hundred  of  these  photographs  relate  to 
spectroscopic  binaries,  for  some  of  which,  such  as  £  Getninorum, 
nearly  fifty  plates  were  needed. 

It  is  not  practicable  to  publish  the  observed  velocities  at  the 
present  time,  for  two  reasons: — 

(a)  Many  of  the  plates  have  been  only  partially  measured, 
and  reduced  by  approximate  methods.  Experience  shows  that 
these  approximate  results  may  be  changed  as  much  as  i}£km  by 
the  final  measures  and  reductions,  though  the  average  change  is 
much  less. 

(b)  The  reductions  have  not  been  based  upon  the  definitive 
wave-lengths  of  the  solar  and  comparison  lines.  These  are  not 
yet  available,  but  they  are  expected  soon. 

Repeated  requests  have  been  made  that  the  observations 
already  secured  should  be  used  to  determine  the  motion  of  the 
solar  system  with  reference  to  the  system  of  observed  stars;  and 
it  is  the  purpose  of  this  article  to  communicate  the  preliminary 
results  of  such  an  investigation. 

Omitting  several  Type  I  stars  whose  lines  could  not  be 
accurately  measured,  and  some  thirty  spectroscopic  and  visual  * 
binaries  for  whose  centers  of  gravity  the  velocities  are  not  yet 
known,  there  remain  280  stars  available  for  determining  the 
relative  motion  of  our  system.  Inasmuch  as  this  number  is  con- 
stantly increasing  with  the  progress  of  the  observations,  and  in  a 
few  years  will,  I  hope,  be  doubled,  and  include  stars  distributed 
over  the  entire  sky,  it  did  not  seem  necessary  to  form  an  equation 
of  condition  for  each  star.  The  280  stars  were  divided  into  80 
groups,  by  combining  neighboring  stars  into  one  group;  taking 
the  mean  of  their  individual  velocities  as  the  velocity  of  the  group. 
The  data  for  each  of  the  80  groups  are  contained  in  the  first  four 
columns  of  Table  I. 

Let  v  be  the  observed  speed  of  a  star  with  reference  to  the 
solar  system;  J7 the  Sun's  speed  with  reference  to  the  system  of 
280  observed  stars;  and  D  the  angular  distance  of  a  star  from 


*  Such  as  Sirius,  Procyon,  etc. 
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the  apex  of  the  solar  motion.    Then  each  star,  or  each  group  of 
stars,  furnishes  an  equation  of  condition  having  the  form: — 

I7 cos  Z>—  v=o.  (i) 

Let  Ofc,  80  be  the  coordinates  of  the  apex,  and  a,  8  those  of  the 
star;  then  we  have  cos  D  defined  by  the  well-known  equation  for 
the  distance  between  two  stars  or  points, 


TABLE  I. 


No.  of 
Stars. 

Mean 
R.  A. 

Mean 
Dec. 

Mean 
Observed 
Velocity. 

No.  of 
Stars. 

Mean 
R.  A. 

Mean 
Dec. 

Mean 
Observed 
Velocity. 

h   m 

0 

k 

h     m 

k 

2 

o  26.5 

—  140 

+  17.O 

3 

12   20.4 

+43°o 

—  47 

6 

0  40.0 

+57.8 

—IO.3 

3 

12  35-7 

—22.5 

—  1.7 

5 

0  45.0 

+28.2 

—24.2 

3 

12  48.I 

+  4  9 

— 17.O 

3 

1  23.0 

—IO.  I 

+12.7 

2 

13    6.2 

+232 

—  8.2 

4 

1  35.5 

+439 

+  0.2 

2 

14     9.2 

-76 

+   3.0 

3 

1  43-7 

+  IO.6 

+  7.3 

5 

14  149 

+18.1 

T  3  § 

2 

1  47-4 

— 19.0 

+  2.5 

2 

14  29.5 

T25.6 

+11.8 

2 

2    2.6 

+24.2 

—19.0 

7 

14  58o 

+296 

-131 

9 

2  385 

—14. 1 

T  3*2 

4 

15      2.4 

+46.0 

-28.5 

3 

2  54.4 

+  O.I 

+21.7 

4 

15  23.2 

+  4-8 

—  70 

5 

2  55-4 

+50.2 

+136 

4 

15   27.4 

+65.8 

—14.2 

4 

3    3-8 

+41.2 

+  4  5 

4 

15  41.4 

—12.9 

—  1.0 

3 

3  16.9 
3  45-8 

+  13.6 

+  6.7 

4 

l6  I7.I 

—20.8 

— 11. 1 

3 

—  92 

—  10.7 

4 

16  32.8 

-8.5 

—  7.0 

3 

4    32 

~I7  3 

+34.8 

3 

16  38.O 

+13-3 

— 26.0 

5 

4  16.6 

+18.0 

+35.5 

3 

16  49  5 

+35-9 

— 29.0 

2 

4  29.7 

+79.8 

—  30 

3 

17  44  7 

+53-6 

—22.3 

4 

4  46.8 

+44.7 

+  8.2 

4 

17  53  6 

+29  5 

—  9  9 

3 

5  15-7 

+37.4 

+307 

3 

17  53  8 

+  5-3 

—  7.5 

2 

5  17  0 

+  7.1 

+22.0 

6 

18  18.6 

—  7-2 

—  54 

4 

5  23.5 

— 20.9 

+  1.8 

6 

18  36.4 

-23.5 

—28.5 

3 

5  32.6 

—  7.5 

-0.7 

3 

iS  38.6 

+19.0 

3 

5  51.5 

+57.7 

t  5° 

2 

18  43.0 

+41.2 

—205 

4 

6  18.1 

+25.0 

+24.8 

6 

18  489 

+696 

+  6.4 

2 

6  41.0 

-15.6 

+50.5 

4 

19  42  1 

+  6.2 

—19.9 

3 

6  43-3 

+  16.7 

r  63 

5 

19  42.6 

+236 

—11. 6 

3 

7  32.4 

+27.0 

-11.3 

4 

20    3.6 

+55-4 

—44.2 

2 

7  33.8 

-25.1 

-42.0 

3 

20  19.3 

—  9.1 

-8.7 

2 

7  47-0 

+  9-3 

+34.o 

3 

20  48.9 

+43-3 

+  1.0 

2 

7  5o.6 

—  6.0 

-1-21. 0 

5 

20  58- 5 

+12.8 

—282 

4 

8  566 

+  10.5 

+26.9 

5 

21     1.3 

+31-9 

—  2.6 

2 

8  57.8 

+32.0 

+25  2 

4 

21  24.6 

-158 

—  2.9 

4 

8  58.0 

+65.7 

T  4  ° 

3 

22  00  2 

+12.7 

—  7.3 

2 

9  10.2 

+47.2 

+190 

2 

22  13.6 

+54-7 

—14.2 

3 

9  27  2 

T  37 

+12.3 

4 

22  32.6 

-6.7 

— ".3 

2 

9  572 

+223 

—15-2 

5 

22  52.9 

+254 

—  02 

5 

10  40.2 

—152 

+  19  6 

2 

23  10.6 

+71.4 

-26.5 

5 

10  447 

+38.1 

—  2.8 

4 

23  10.7 

-18.7 

+  5.6 

2 

11  11. 6 

+66.1 

dt  0.0 

2 

23  16.0 

+43-8 

—  2.0 

6 

11  32.8 

+  6.2 

+  3.7 

4 

23  3i-o 

+  5.o 

—  0.9 

cos  D  =  sin  80  sin  8  +  cos  80  cos  8  cos  (a0—  a). 


(2) 
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If  we  place  x  =  ^sinS0 


z  =  Fsin  o0  cos$0 


jj/  =  Fcoso0cos80  \  (3) 


equations  (1)  take  the  form 

sin  8 .  x  +  cos  a  cos  8  .y  -f-  sin  a  cos  8 .  <?  —  z;  =  o        (4) 

from  which  the  values  of  x9  y%  and  z  may  be  determined ;  and 
the  values  of  V,  aol  and  80  may  then  be  found  from  (3)  by  the 
relations 

" » 

y  t  (5) 


V*  =  x2-\-y*-\-  z*y 
_  z 


•      5  X 


I 


The  values  of  a  and  g  for  each  group  were  substituted  in 
equation  (4),  and  the  resulting  equation  was  weighted  in  propor- 
tion to  the  number  of  stars  on  which  it  is  based,  as  indicated  in 
column  one  of  the  table  The  eighty  equations  thus  formed  were 
combined  and  solved  by  the  method  of  least  squares,  and  the 
following  elements  of  the  solar  motion  were  obtained: — 

V=—    I9.89km±:  i.52km 
*o=      2770  30'    ±4°.  8 
K  =  +   19°  58'     ±  5°.9 

The  list  of  stars  employed  in  this  investigation  includes  all  that 
were  available;  none  were  rejected  arbitrarily,  on  account  of  very 
high  speed  or  otherwise.  The  results  represent  the  solar  motion 
relative  to  the  entire  system  of  observed  stars.  Had  a  dozen 
stars  of  great  velocity  been  rejected,  the  speed  and  direction  of 
the  motion  would  have  been  only  slightly  different,  but  the  com- 
puted probable  errors  would  have  been  very  much  smaller  than 
those  appended. 

On  the  basis  of  these  elements,  the  component  correction  for 
the  solar  motion  was  computed  and  applied  to  each  star.  The 
280  results  obtained  in  this  manner  represent  the  individual  stellar 
components  of  motion  in  the  line  of  sight,  with  reference  to  the 
entire  system.     Of  these  there  are 

Km  per  second. 

151  positive,  average,     -J"1?*01 
129  negative,  average,    — 17.10 

280  numerical  average,        17.05 
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The  average  component  velocity  of  each  star  in  a  plane  at  right 
angles  to  the  line  of  sight  is  therefore 

-.  17.05  =  26.78km  per  second; 
2 

and  the  average  velocity  in  space  of  each  star  in  the  system  is 

2  X  17.05  =  34.  iokm  per  second. 

The  Sun's  relative  velocity,  i9.9km,  is  therefore  much  smaller 
than  that  of  the  average  star  of  the  system,  34.  ikm. 

The  280  stars  were  classified  roughly,  according  to  their  spec- 
tral types,  in  the  following  manner:  the  Harvard  Photometry 
contains  estimates  of  their  brightness,  based  upon  the  visual 
radiations.  The  Draper  Catalogue  estimates  their  brightness  by 
virtue  of  the  photographic  intensities  of  their  spectra  in  the  Hy 
region.  The  difference  between  the  visual  and  photographic 
magnitudes  is  very  small  in  the  case  of  the  white  stars,  such  as 
fi  Orionis;  it  is  usually  from  1. 5  to  2.0  magnitudes  for  the  solar  type 
stars,  such  as  fi  and  y  Andromeda;  and  is  fully  2. 5  magnitudes  for 
red  stars,  such  as  a  Scorpii. 

In  the  system  of  stars  observed,  the  difference  of  magnitude 
is  equal  to  or  greater  than  1.0  for  144  stars.  Subdividing  these 
according  as  their  component  velocities  in  the  line  of  sight  are 
positive  or  negative,  we  have 

78  positive,  average  component,   +  i7.o7km 
66  negative,  average  component,  —  14.99 

144  numerical  average,    .     .     .     .     16.12 

For  136  stars  the  difference  of  magnitude  is  less  than  1.0,  as 

follows:        j ^  positive,  average  component,  +  i6.94km 
63  negative,  average  component,  —  19.32 

136  numerical  average,  .     .     .     .     18.04 

The  discrepancy  of  i.9km  in  the  results  is  hardly  sufficient 
to  justify  any  statement  as  to  the  effect  of  spectral  type  upon 
velocity. 

The  relations  between  visual  brightness  and  velocity  was  next 
investigated. 

Of  stars  equal  to  or  brighter  than  3.0  magnitude,  there  are 

26  positive,  average  component,  +  13.  nkm 
21  negative,  average  component,  —  12.99 

47  numerical  average,  .     .     .     .     13. 05 
Corresponding  velocity  in  space,     26. 10 
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Of  stars  lying  between   magnitudes   3.1    and  4.0  inclusive, 

there  are      59  positive,  average  component,  +  iyyo1"11 
53  negative,  average  component,  —  14.42 

1 1 2  numerical  average,  .     .     .     .     16.15 
Corresponding  velocity  in  space,  .     32.30 

Of  stars  fainter  than  4.0  magnitude,  there  are 

66  positive,  average  component,  -|-  i7.93km 
55  negative,  average  component,  —  21.27 

121  numerical  average,  ....     19.44 
Corresponding  velocity  in  space,  .     38. 88 

The  progression  in  these  results  is  so  pronounced,  and  the 
differences  are  so  large,  that  I  think  we  are  justified  in  drawing 
the  important  conclusion  that  the  faint  stars  of  the  system  are 
moving  more  rapidly  than  the  bright  stars.  This  apparent  fact, 
derived  quite  independently  of  any  assumption  as  to  the  relative 
distances  of  the  stars  of  different  magnitudes,  should  profoundly 
affect  the  question  of  and  the  methods  of  determining  the  structure 
of  our  sidereal  system.  If  the  fainter  stars  are  moving  relatively 
more  rapidly  than  has  been  previously  assumed,  they  must  be 
relatively  farther  from  us  than  the  investigations  of  their  proper 
motions  have  led  us  to  conclude. 

This  progression  is  in  no  wise  due  to  an  increase  of  probable 
error  of  a  velocity  determination  with  decreasing  magnitude.  The 
probable  error  of  a  single  determination  is  well  under  half  a  kilo- 
meter for  such  excellent  stars  as  Polaris  and  Procyon;  and  it  is 
not  much  greater  for  fifth- magnitude  stars  whose  spectra  contain 
well-defined  lines. 

The  elements  of  the  solar  motion  deduced  above  depend  upon 
the  assumption  that  their  most  probable  values  are  those  which 
make  the  sum  of  the  squares  of  the  residual  stellar  components 
of  speed  in  the  line  of  sight  a  minimum.  This,  in  turn,  assumes 
that  the  magnitudes  of  these  components  are  distributed  according 
to  the  law  of  accidental  errors.  No  doubt  they  are  distributed 
according  to  a  somewhat  different  law,  which  I  hope  to  investigate 
fully  a  few  years  later,  before  making  a  definitive  determination  of 
the  motion,  based  upon  a  much  larger  number  of  stars  distributed 
over  the  entire  sphere.* 

*  An  additional  reason  for  delay  arises  from  the  fact  that  many  years  of  observation 
are  required  to  establish  constancy  of  stellar  velocities,  in  some  cases;  of  the  stars  used  in 
the  above  determination,  two  have  since  been  discovered  to  have  variable  velocities. 
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The  Right  Ascension  of  the  apex,  2770  30',  agrees  exactly  with 
the  value  deduced  by  Professor  Newcomb  *  from  all  the  "  proper 
motion* '  data  available;  and  differs  only  i°  30'  from  Professor 
KAPTEYN'sf  assumed  value,  2760.  My  value  of  the  Declination 
-f-  190  58',  differs  widely  from  Newcomb's  value,  +  35°>  and 
Kapteyn's,  -f  340.  It  must  be  noticed  that  very  few  radial 
velocities  are  available  for  the  region  —  1 50  to  —  300,  and  none 
whatever  south  of  —  300  Declination.  Fully  one  third  of  the 
sky  is  unrepresented  in  the  solution.  The  data  for  determining 
the  Declination  of  the  apex  are  extremely  unsymmetrical  in 
arrangement.  The  data  north  of  the  line  of  motion  are  fairly 
complete,  whereas  the  data  to  the  south  are  very  incomplete.  To 
determine  the  Declination  therefrom  is  somewhat  similar  to  flying 
with  one  wing  very  imperfect.  The  Right  Ascension,  on  the 
contrary,  is  determined  from  data  reasonably  symmetrical  in  dis- 
tribution. 

A  comparison  of  my  results  with  those  obtained  by  StumpeJ 
from  proper  motions  is  of  great  interest.  He  classified  the  stars 
of  relatively  large  proper  motions  according  to  their  visual 
magnitudes,  with  the  following  results  for  the  position  of  the  apex: 

No.  of  Stars.  Magnitude.  R.  A.  Dec. 

284     ...    i      105.5  263°.8  +3i°.i 

473     ..     .   5.6  to  7.5  290.  7  +37-  5 

238     .     .     .   7.6  to  >  286.  7  +46.  9 

In  view  of  these  widely  different  positions  of  the  apex,  it  is 
perhaps  not  surprising  that  my  result  for  Declination,  depending 
upon  even  brighter  stars  than  his  first  group  should  be  smaller 
than  any  hitherto  obtained. 

The  motion  of  the  solar  system  is  a  purely  relative  quantity. 
It  refers  to  specified  groups  of  stars.  The  results  for  various 
groups  may  differ  widely,  and  all  be  correct.  It  would  be  easy  to 
select  a  group  of  stars  with  reference  to  which  the  solar  motion 
would  be  reversed  1800  from  the  values  assigned  above.  It  is 
perhaps  unsafe  to  draw  conclusions,  from  my  value  of  the  Declina- 
tion, concerning  the  drift  of  the  brighter  (and  presumably  nearer) 
stars  until  the  data  from  the  southern  sky  are  available. 

Before  making  the  preceding  solution  for  the  solar  motion 
by  the  method  of  least  squares,  I  had  already  made  an  approxi- 


*  Astronomical  Journal,  No.  457,  pp.  4,  5.         J  Astronomical  Journal,  No,  457,  p.  5- 
t  Astronomische  Nachrichten,  No.  3487,  p.  104. 


58 


Publications  of  the 


mate  determination  of  the  speed  of  the  solar  system,  by  a  differ- 
ent method,  as  follows:  the  apical  distance  D  of  each  star  was 
computed  from  Newcomb's  assumed  coordinates  of  that  point 
(a=277°.5;  S  =  — f-  35°).  The  stars  were  formed  into  groups 
according  to  their  apical  distances,  as  indicated  in  the  first  column 
of  Table  II.  The  number  of  stars  in  each  group  is  given  in  column 
two.  The  mean  apical  distance  of  the  group  is  [D]  and  the  mean 
observed  velocity  is  [z/].  It  is  interesting  to  note  that  each  [v] 
between  apical  distances  o°  and  90°  is  negative,  and  each  one 
between  900  and  1800  is  positive.  Each  radial  velocity  furnishes 
an  equation  of  condition  of  the  form 


V  —  v  sec  D  =  o, 


(6) 


from  which  to  determine  V.  We  shall  assume  that  the  weight  of 
each  determination  is  equal  to  cos  D.  The  resulting  value  of  V 
will  now  be  given  by 

3  (n  cos  [Z?] .  [y]  sec  [/>])  _      3  n  jYj 

5*cos[Z>]  2«cos[Z>]'  w' 

Substituting  the  values  of  «,   [z/],  and  [Z?]  in  this  equation,   I 

obtained  ¥r  Vm 

V=  —  2o.4km. 


TABLE  II. 


Apical  distances. 

" 

[O] 

[*] 

cos  [D] 

o°—  IO° 

4 

7°4 

—  9-9 

+0.992 

IO  —  20 

10 

15.5 

—  24.0 

+ 

964 

20  —  30 

16 

24.7 

-17-5 

+ 

908 

30  —  40 

24 

34-8 

—  12.9 

+ 

821 

40  —  50 

24 

441 

—  16.6 

+ 

718 

50  —  60 

29 

54-6 

—  6.1 

+ 

579 

60—70 

29 

64.4 

—  7.0 

+ 

432 

70  —  90 

47 

797 

~  2.7 

+ 

179 

90  — IlO 

35 

99-4 

+  8.0 

— 

•63 

1 10  —  1 20 

19 

116. 3 

-M4-4 

— 

443 

120  — 130 

18 

124.4 

+  13  8 

— 

565 

130  —140 

10 

134  4 

+  16.4 

— 

700 

140  —150 

5 

145. 1 

+  14.6 

— 

820 

150  — 160 

6 

1560 

+29.3 

— 

9'4 

160  —170 

4 

164.0 

+  6.0 

— O 

961 

280 

y=      3  n  \y\      =  —  3010 : 
2  n  cos  [D~\  147-5 


20. 4K 
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If  we  use  this  value  of  Fas  a  basis  for  further  approximations 
to  its  true  value,  by  the  method  of  Kapteyn,*  we  shall  obtain 
V=  —  19  kilometers;  though  it  should  be  said  that  this  method 
involves  assumptions  concerning  proper  motions. 

The  foregoing  data  bear  decisively  upon  the  question  of  stellar 
parallaxes  and  other  fundamental  problems;  but  these  portions  of 
the  subject  are  reserved  for  a  future  paper. 

The  work  with  the  Mills  spectrograph  has  furnished  many 
important  by-products.  Special  mention  may  be  made  of  the 
discovery  of  an  unexpectedly  great  number  of  spectroscopic 
binaries.  Two  or  more  satisfactory  observations  have  been 
secured  for  each  of  285  stars  of  my  programme.  From  the 
Mills  spectrograph  observations  alone  we  have  discovered  that 
thirty-one  f  of  these  stars  are  spectroscopic  binaries.  To 
these  we  must  add  three,  binaries  in  the  same  list  previously 
discovered  by  another  observer,  J  making  thirty-four  in  all. 
That  is,  of  285  observed  stars,  more  than  one  star  in  nine 
is  a  spectroscopic  binary.  Further,  five  additional  suspected 
binaries  await  verification,  and  it  is  altogether  probable  that 
many  other  stars  in  the  list  are  binaries  awaiting  discovery. 
Two  plates  are  not  sufficient  to  detect  variable  velocity, 
even  in  many  cases  of  short  period;  and  still  less  are  they 
sufficient  in  many  cases  of  long  period,  now  coming  to  light 
by  virtue  of  our  older  observations.  It  is  not  improbable  that 
at  least  one  star  in  five  or  six  will  be  found  to  be  a  spectro- 
scopic binary;  and  I  should  not  be  surprised  to  see  a  still  larger 
ratio  established. 

The  proven  existence  of  so  large  a  number  of  stellar  systems 
differing  widely  in  structure  from  the  solar  system  gives  rise  to  a 
suspicion,  at  least,  that  our  system  is  not  of  the  prevailing  type 
of  stellar  systems.  The  new  field  of  astronomical  research  thus 
opened  up  is  of  great  richness,  and  may  well  occupy  the  atten- 
tion, for  an  indefinite  period,  of  the  large  number  of  observers 
and  institutions  now  engaging  in  its  development.  It  is  perhaps 
unnecessary  to  say  that   the   measure  of  success  attainable  is 


*  Astronomische  Nachrickten,  No.  3487. 

t Twenty-five  of  these   have   been    announced  in  the  Journal,  and   six  now  await 


announcement. 


X  Dr.  B&LOPOLSKY,  at  Pulkowa,  a,  Geminorum ;  the  well-known  variable  stars  6  Cephei 
and  if  Aquilct ;  and  the  independent  and  prior  discovery  of  the  binary  character  of  the 
well-known  variable,  £  Geminorum. 
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dependent  upon  the  degree  of  accuracy  *  realized  in  the  observed 
velocities. 

It  is  a  pleasure  to  record  that  I  have  been  assisted  most 
efficiently  in  these  investigations,  since  August,  1897,  by  Mr. 
W.  H.  Wright,  assistant  astronomer. 

Lick  Observatory, 

University  of  California,  December,  1900. 


PLANETARY  PHENOMENA  FOR  MAY  AND  JUNE,  1901. 


By  Malcolm  McNeill. 


May. 

There  will  be  a  very  close  approximation  to  a  lunar  eclipse  at 
Full  Moon  on  May  3d,  the  Moon  passing  within  1'  of  the  Earth's 
shadow.  At  the  succeeding  New  Moon,  May  17th,  there  will  be 
a  total  eclipse  of  the  Sun.  The  line  of  totality  lies  in  the  southern 
hemisphere,  and  passes  almost  wholly  through  the  ocean,  but 
crosses  the  islands  of  Sumatra,  Borneo,  and  New  Guinea.  The 
eclipse  is  remarkable  on  account  of  the  great  duration  of  totality, 
nearly  six  and  one  half  minutes  in  some  places,  a  duration  four 
times  as  great  as  any  available  duration  for  the  eclipse  of  May 
28,  1900. 

Mercury  is  a  morning  star  at  the  beginning  of  the  month,  but 
passes  superior  conjunction  on  May  14th,  and  becomes  an  evening 
star.  It  moves  rapidly  away  from  the  Sun,  eastward  and  north- 
ward. Toward  the  end  of  the  month  it  becomes  a  comparatively 
easy  object  in  the  evening  twilight,  not  setting  until  an  hour  and 
a  half  after  sunset. 

Venus  is  now  an  evening  star,  having  passed  superior  con- 
junction with  the  Sun  on  April  30th,  but  remains  quite  close  to 
the  Sun  throughout  the  month.  At  the  end  of  the  month  it  sets 
only  a  little  more  than  half  an  hour  after  sunset,  and  will  be  very 
hard  to  see. 

Mars  is  still  waning,  increasing  its  distance  from  us  24,000,000 
of  miles  during  the  month,  and  diminishing  in  brightness  about 

♦In  the  later  observations  of  the  be*t  stars  with  the  Mills  spectrograph,  an  extreme 
range  of  two  kilometers  would  afford  strong  suspicion  of  variable  velocity;  and  the  greater 
portion  of  a  smaller  range  due  to  unavoidable  errors  would  arise  not  from  errors  in  the 
spectrograms,  I  believe,  but  from  changes  in  the  observer's  personal  habits  of  measuring 
*he  plates. 
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one  half.  It  moves  about  io°  east  and  50  south  during  the 
month  through  the  constellation  Leo.  On  May  4th  it  passes 
between  Regulus  and  17  Leonis  in  the  handle  of  the  Sickle,  not 
quite  20  north  of  the  first.  On  May  31st  it  occupies  a  position 
about  30  south  of  the  position  it  held  on  February  12th. 

Jupiter  and  Saturn  are  now  coming  nearer  to  being  evening 
stars,  both  rising  before  10  p.m.  toward  the  close  of  the  month. 
Both  are  still  in  the  constellation  Sagittarius,  and  both  are  retro- 
grading, Jupiter  a  little  faster,  on  account  of  its  lesser  distance 
from  us.  At  the  close  of  the  month  their  distance  apart  is  about 
40,  half  a  degree  greater  than  it  was  at  the  beginning  of  the 
month. 

Uranus  rises  earlier  by  about  two  hours,  and  has  nearly  come 
to  opposition.  It  is  retrograding  in  the  southern  extension  of 
Ophiuchus. 

Neptune  sets  shortly  after  sunset,  and  is  getting  into  poor 
position  for  observation. 

June. 

The  Sun  reaches  the  solstice  and  summer  begins  on  June  21st, 
7  p.m.,  Pacific  time. 

June  affords  the  best  time  of  the  present  year  for  observations 
of  Mercury.  The  planet  is  an  evening  star  throughout  the  month, 
and  until  the  very  last  days  sets  more  than  an  hour  and  one  half 
after  sunset.  It  comes  to  greatest  east  elongation  on  June  15th. 
This  elongation  is  nearly  250,  more  than  6°  greater  than  the  pre- 
ceding greatest  east  elongation  in  February. 

Mercury  is  in  conjunction  with  Venus,  about  40  south,  on  the 
evening  of  June  30th. 

Venus  is  an  evening  star,  rather  farther  from  the  Sun  than  it 
was  in  May.  After  the  middle  of  the  month  it  sets  more  than  an 
hour  after  sunset,  and  will  be  an  easy  object  to  see. 

Mars  is  to  be  found  farther  to  the  west  in  the  evenings,  and 
sets  shortly  after  n  p.m.  by  the  end  of  the  month.  It  still  keeps 
up  its  rapid  recession  from  the  Earth,  losing  more  than  20,000,000 
miles  and  more  than  one  third  in  brightness  during  the  month. 
It  is  in  the  constellation  Leo,  and  moves  130  east  and  6°  south, 
nearly  to  Virgo.  On  June  12th  it  reaches  the  point  at  which  it 
began  its  retrograde  motion  in  January,  except  that  it  is  now  about 
30  south  of  its  former  position. 

Jupiter  and  Saturn  are  still  near  together,  although  separating 
slightly.     By  the  end  of  the  month  they  rise  about  midnight. 
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They  are  still  in  Sagittarius,  both  moving  eastward,  Jupiter  40 
and  Saturn  20,  during  the  month,  and  at  the  end  of  the  month 
Jupiter  is  about  6°  west  of  Saturn.  After  their  retrograde  motion 
ceases,  Jupiter  will  again  approach  Saturn,  and  they  will  come 
into  conjunction  with  each  other  late  in  November.  Jupiter  is 
in  opposition  with  the  Sun,  and  consequently  above  the  horizon 
during  the  entire  time  the  Sun  is  below,  on  June  30th.  The 
opposition  of  Saturn  comes  five  days  later. 

Uranus  is  in  opposition  on  June  5th.  It  retrogrades  a  little 
more  than  i°  in  Ophiuchus,  and  at  the  close  of  the  month  is  about 
30'  north  of  the  sixth-magnitude  star  24  Ophiuchi. 

Neptune  is  in  conjunction  with  the  Sun  on  June  20th,  and 
changes  from  evening  to  morning  star. 


May-June,  1901 

• 

Phases  of 

the  Moon, 

P.  S.  T. 

Full  Moon 
Last  Quarter 
New  Moon 
First  Quarter 
Full  Moon 
Last  Quarter 
New  Moon 
First  Quarter 

.   May     3, 
.    May  11, 
.   May  17, 
.    May  24, 
.  June    2, 
.  June    9, 
.  June  16, 
•   •  June  23, 

IOb    19"   A.  M. 

6    38 

9     38     P.M. 

9    40 

1  53     A.M. 

2  O      P.  M. 

5    33    a.m. 
12     59      P.M. 

The  Sun. 

1901. 

R.  A. 

Declination. 

Rises. 

Transits.                 Sets. 

May     1, 

2h32m 

+  i4°57 

'       5h    5mA.w 

[.  IIh57mA.M.  6h49B,P.M. 

11, 

3  11 

+  17  46 

4  54 

11  56           6  58 

21, 

3  50 

+  20     6 

4  45 

11   56           7     7 

3i, 

4  3i 

+  21   51 

4  39 

11   58           7   17 

June  10, 

5  12 

-f  22   59 

4  36 

11    59           7  22 

20, 

5  53 

+  23   26 

4  36 

12     1  P.  m.  7  26 

30, 

6  35 

+  23   13 

4  39 
Mercur  k 

12      3           7  27 

May     1, 

1   39 

+    8    18 

4    36  A.M. 

II        4  A.M.   5    32  P.M. 

11, 

2  55 

-J-  16    19 

4  44 

11    41            6  38 

21, 

4  24 

+  22   54 

5     7 

12     30  P.M.    7    53 

3i» 

5  49 

+  25  34 

5  4i 

i    16           8  51 

June  10, 

6  55 

+  24   35 

6  13 

1    43           9  13 

20, 

7  37 

+  21    41 

6  27 

1    45           9     3 

30, 

7  50 

+  18    4 

\o 

6   17 

1    18           8   19 
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Venus. 


1 90 1. 

R.  A. 

Declination. 

Rises. 

Transits. 

Sets. 

May  i, 

2 

33 

+  14 

12 

5  IO  A.M. 

11  59  a. 

M.  6 

48  P.  M. 

11, 

3 

22 

+  18 

3 

5   5 

12   8  P. 

M.  7 

II 

21, 

4 

13 

+  21 

6 

5  4 

12  19 

7 

34 

3i, 

5 

5 

+  23 

11 

5  8 

12  32 

7 

56 

June  10, 

5 

59 

+  24 

9 

5  18 

12  46 

8 

14 

20, 

6 

52 

+  23 

57 

5  32 

I   O 

8 

28 

30, 

7 

45 

+  22 

34 

5  53 
Mars. 

I  14 

8 

35 

May  1, 

10 

0 

+  14 

28 

12  34  P.M. 

7  24  P.M.   2 

14  A.M 

11, 

10 

11 

+  13 

7 

12  11 

6  56 

1 

41 

21, 

10 

25 

+  11 

32 

11  50  A.M. 

6  30 

1 

IO 

3i, 

10 

40 

+  9  45 

11  33 

6  6 

12 

39 

June  10, 

10 

57 

+  7 

48 

11  18 

5  44 

12 

IO 

20, 

11 

15 

+  5 

42 

11  4 

5  23 

11 

42  P.M. 

30, 

11 

34 

+  3 

28 

10  51 

5  2 

11 

13 

Jupiter. 


May  1,  18  57  —2*  39 
June  1,  18  50  — 22  51 
July     1,  18  35     —23  10 


May  1,  19  11  —21  55 
June  1,  19  7  —  22  3 
July    1,  18  58     —22  18 


May  1,  17  o  —  22  45 
June  1,  16  55  —22  38 
July    1,  16  50    —  22  30 


May  1,  5  48  +22  15 
June  1,  5  53  -f-22  17 
July    i,     5  57     +22  18 


II  44  P.M. 

4 

23  A.M. 

9   2  A.M. 

9  37 

2 

15 

6  53 

7  26 

12 

2 

4  38 

Sa  turn. 

II  56  P.M. 

4  37  A.M. 

9  18  A.M. 

9  50 

2 

3i 

7  12 

7  45 

12 

25 

5  5 

Uranus. 

9  48  P.  M. 

2 

26  A.M. 

7   4  A.M. 

7  42 

12 

20 

4  58 

5  35 

10 

14  P.M. 

2  53 

Neptune. 

7   53  a.m. 

3 

13  P.M. 

IO  33  P.M. 

5  55 

1 

15 

8  35 

3  52 

11 

22  A.M. 

6  42 
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(Off  left-hand  limb  as  seen  in  an  inverting  telescope.) 


I,  D,  May 

4. 

Ih 

46- 

A.M. 

I,  D, 

June 

3> 

3h 

50- 

A.M. 

II,  D, 

6, 

9 

54 

P.M. 

I,  D, 

4. 

10 

19 

P.M. 

III,  D, 

io, 

9 

5i 

II,  D, 

7> 

9 

27 

III,  R, 

ii, 

12 

37 

A.M. 

I,  D, 

12, 

12 

13 

A.M. 

I,  D, 

ii, 

3 

40 

I,  D, 

i3» 

6 

4i 

P.M. 

I,  D, 

12, 

10 

9 

P.M. 

II,  D, 

15. 

12 

2 

A.M. 

II,  D, 

14. 

12 

28 

A.M. 

I,  D, 

i9» 

2 

7 

III,  D, 

18, 

1 

49 

I,  D, 

20, 

8 

36 

P.M. 

III,  R, 

18, 

4 

36 

II,  D, 

22, 

2 

37 

A.M. 

I,  D, 

20, 

12 

2 

III,  D, 

22, 

9 

42 

P.M. 

II,  D, 

21, 

3 

2 

I,  D, 

26, 

4 

1 

A.M. 

I,  D, 

27, 

1 

56 

I,  D, 

27. 

10 

30 

P.M. 

I,  D, 

28, 

8 

25 

P.M. 

III,  R. 

30, 

4 

35 

A.M. 

II,  D, 

31, 

6 

53 

(FORTIETH)    AWARD    OF    THE    DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  M.  Michel  Giacobini,  of  the  Nice 
Observatory,  for  his  discovery  of  an  unexpected  comet  on 
December  20,  1900. 

The  Committee  on  the  Comet-Medal, 

W.  W.  Campbell, 
W.   M.   Pierson, 
Chas.  Burckhalter. 
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NOP' A    PEKSKI  AND  THE   FAINT   STARS  NEAR    IT. 


NOTICES    FROM    THE    LICK   OBSERVATORY.* 


Prepared  by   Members  of  the  Staff, 


Nova  Perse i, 

The  discovery  of  a  new  star  in  the  constellation  Perseti$r  by 
Dr.  T.  D.  Anderson,  a  private  astronomer  of  Edinburgh f  on 
the  morning  of  February  22d,  is  one  of  the  most  interesting 
astronomical  events  of  recent  times.  The  discovery  was  an- 
nounced by  Professor  Copeland,  Astronomer  Royal  for  Scot- 
land, with  the  following  statement: — 

"The  great  new  star  was  discovered  by  Dr.  T.  D.  Anderson,  of  this 
city,  at  2:40  a.m.  on  Friday,  33d  inst.  At  that  time  it  was  of  the  2*7 
magnitude,  or  fully  half  a  magnitude  fainter  than  the  Pole  Star,  and 
shone  with  a  bluish  while  light.  Dr.  Anderson  himself  kindly  brought 
the  news  of  this  important  discovery  to  the  observatory  in  the  forenoon, 
and  marked  off"  the  exact  position  of  the  Nova  on  the  map  in  Akge- 
LANDEk's  great  atlas  of  the  northern  heavens,  Dr,  Anderson's  repu- 
tation as  the  discoverer  of  Nova  Auriga  in  1592,  and  of  more  than  a  score 
of  telescopic  variable  stars,  placed  the  reality  of  this  new  discovery 
beyond  all  doubt;  so  telegrams  were  at  once  dispatched  lo  Greenwich 
and  to  Kiel  for  distribution  to  the  observatories  of  the  world. 

'*  Evening  had  scarcely  closed  in  when  the  Nova  could  be  seen  with 
the  naked  eye,  even  through  light  drifting  clouds.  To  my  eye  it  appeared 
to  be  of  the  first  magnitude,  being  slightly  brighter  than  Aldebaran.  On 
examining  its  spectrum,  we  were  astonished  to  rind  it  almost  absolutely 
continuous,  and  it  was  only  alter  some  time  that  Dr.  Halm  detected  a 
number  of  delicate  dark  (Fratmhofer)  lines,  which  I  was  able  to  con- 
firm Unfortunately,  the  sky  clouded  over  before  further  critical  observa- 
tions could  be  made,  Mr.  Heath  was  so  fortunate  as  to  secure  a 
photograph  of  the  new  star  at  a  time  when  all  the  neighboring  stars 
were  obscured  by  thick  base.  The  night  of  the  23d  was  very  cloudy, 
and  spectroscopic  observations  were  impossible;  but  when,  through  a 
break  in  the  clouds  about  8  p.m.,  Dr.  Halm  and  Mr. Clark  saw  the  star, 
they  clearly  made  it  out  to  be  brighter  than  Cape/ fa  t  in  fact  to  be  the 
brightest  star  north  of  the  celestial  equator. 

**A  new  special  feature  of  this,  the  most  considerable  new  star  of 
modern  times,  is  its  enormous  increase  in  brightness  since  its  discovery, 
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while  all  other  new  stars  seem  to  have  been  discovered  when  at  their 
greatest  brilliancy,  from  which  they  rapidly  declined. 

"Dr.  Anderson's  place  of  the  Nova  for  1901  is:  Right  Ascension, 
3h  24m  25s;  North  Declination,  430  34',  or  a  little  following  the  center  of 
the  line  joining  the  stars  Beta  and  Delta,  in  the  constellation  of  Perseus." 

It  may  be  said  that  the  resources  of  nearly  all  the  active 
observatories  were  at  once  devoted  to  the  study  of  the  wonderful 
stranger,  in  so  far  as  they  promised  to  yield  useful  results. 

A  fact  of  great  interest  was  promptly  announced  by  Professor 
E.  C.  Pickering,  Director  of  Harvard  College  Observatory. 
Photographs  of  this  region  of  the  sky  had  been  secured,  in  the 
course  of  their  regular  surveys,  on  February  2d,  6th,  8th,  18th, 
and  19th,  none  of  which  recorded  a  star  in  the  position  of  the 
Nova,  though  the  last  plate  contained  images  of  nth-magnitude 
stars.  The  Nova  thus  increased  from  fainter  than  nth  magnitude 
to  the  2.7  magnitude  in  less  than  three  days;  and  on  the  24th 
had  become  the  brightest  star  in  the  northern  hemisphere. 

The  first  opportunity  for  securing  observations  at  Mt.  Hamil- 
ton occurred  on  the  forenoon  of  February  24th.  There  was  no 
difficulty  in  finding  it  with  the  12-inch  telescope,  in  broad 
daylight.  Comparison  of  the  brightness  of  the  Nova  with  that 
of  Capella  showed  that  the  former  was  half  a  magnitude  the 
brighter. 

The  position  of  Nova  Per  set  was  determined  from  meridian- 
circle  observations  by  Professor  Tucker  on  eight  consecutive 
nights,  from  February  24th  to  March  3d,  to  be 

Right  Ascension  =  3h  24ni  28".  086 
Declination  =  430  33'  54".03 

referred  to  the  mean  equinox  of  1 901.0.  Readers  will  have  no 
difficulty  in  locating  the  Nova,  by  means  of  these  coordinates,  in 
their  star-charts. 

The  position  of  the  Nova  with  reference  to  a  number  of 
neighboring  faint  stars  has  been  accurately  determined  by  Mr. 
Aitken,  using  the  micrometer  of  the  36-inch  refractor. 

Mr.  Palmer  has  secured  photographs  of  Nova  Persei  and 
the  surrounding  stars,  and  has  measured  its  position  with  refer- 
ence to  four  catalogue  stars  on  the  plates. 

The  brightness  of  the  star  has  been  estimated  on  every  clear 
night  by  Messrs.  Tucker  and  Aitken.  It  has  diminished  from 
zero  magnitude,  on  February  24th,  to  the  fourth  magnitude  and 
fainter,  the  latter  part  of  March,  in  an  irregular  manner. 
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Our  two  single-prism  spectrographs  having  just  been  shipped 
to  Sumatra,  the  spectroscopic  observations  on  February  24th  were 
made  with  the  Milk  spectrograph.  On  the  25th  and  succeeding 
nights  efficient  one-prism  instruments  were  available.  Those  for- 
tunate enough  to  secure  observations  on  the  2 2d  and  23d  reported 
that  the  spectrum  was  practically  continuous,  traversed  by  dark 
lines,  on  those  dates.  Observations  secured  here  and  elsewhere 
on  the  24th  and  later  showed  that  the  spectrum  was  rapidly 
approaching  the  type  of  new-star  spectrum  exemplified  by  Nova 
Auriga,  discovered  by  Dr.  Anderson  in  1892  ;  and  by  Nova 
Norma  (1893),  Nova  Carina  (1895),  Nova  Sagitiarii  (1898), 
and  Nova  Aquila  (1899),  discovered  by  Mrs.  Fleming  on  the 
Draper  Memorial  Photographs.  Some  minor  points  of  difference 
exist;  but  the  general  features  are  the  same,  leaving  no  doubt 
that  all  these  new  stars  exemplify  the  same  class  of  phenomena. 

The  bright  bands  which  were  very  prominent  in  Nova  Auriga 
are  present,  with  greater  width,  in  Nova  Persei.  The  stronger 
bands  have,  similarly,  dark  bands  on  their  violet  edges.  The 
contrasts  between  bright  and  dark  bands  are  weaker  in  the  pres- 
ent star  than  in  that  of  1892. 

It  was  noticed  on  the  25th  of  February  that  the  Dx  and  Da  lines 
of  sodium  are  present  as  narrow  dark  lines  within  the  broad 
bright  D  band.  A  little  later  the  fine  dark  H  and  K  lines  were 
found  in  the  broad  bright  calcium  bands.  These  were  utilized 
at  once  for  determining  the  velocity  of  Nova  Persei  in  the 
line  of  sight.  Observations  from  February  25th  to  March  18th 
yielded  fairly  consistent  values  of  6  kilometers  per  second  reces- 
sion from  the  solar  system,  depending  upon  the  sodium  and 
calcium  lines. 

A  large  number  of  beautiful  spectrum  plates  have  been  secured, 
which  Mr.  Wright  is  engaged  in  measuring  and  reducing  pre- 
paratory to  their  publication  in  detail. 

The  cause  of  this  star*  s  sudden  appearance  is  unknown.  It 
undoubtedly  existed  previously  as  a  dark  and  invisible  star,  or 
stars,  in  its  present  position.  Some  astronomers  are  inclined  to 
hold  to  the  view  that  we  are  dealing  with  two  bodies  traveling 
through  space  with  an  enormous  relative  velocity;  but  it  seems  to 
me  that  the  substantial  agreement  of  the  features  of  the  last  half- 
dozen  new-star  spectra  is  practically  conclusive  evidence  against 
this  theory;  and  the  work  of  Wilsing  shows  that  such  an  hy- 
pothesis is  unnecessary.     Likewise,  the  theory  that  the  phenom- 
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ena  are  caused  by  a  dark  body  rushing  violently  through  a 
nebulous  cloud  seems  to  be  too  special  to  fit  a  uniform  class 
of  phenomena.  Whether  a  stupendous  volcanic  outburst  from 
one  star,  whatever  its  cause,  or  the  collision  of  two  dark  bodies, 
could  supply  the  observed  facts,  remains  in  doubt.  The  spectrum 
contains  sufficient  proof  that  the  atmosphere  of  the  star  is  dis- 
turbed in  the  extreme.  W.  W.  Campbell. 
March  31,  1901. 

Nova  Persei  and  the  Faint  Stars  near  It. 

The  following  measures  were  made  for  the  purpose  of  locating 
the  faint  stars  that  are  visible  in  the  telescope  close  to  the  new 
star  discovered  by  Anderson.  All  the  stars  that  could  be  seen 
with  the  36- inch  telescope  within  3'  of  the  Nova  were  measured, 
as  well  as  a  few  that  are  more  distant  As  all  of  these  stars  are 
quite  faint,  the  new  star  was  also  connected  with  the  9.0-  magni- 
tude star  (Bonn  A.  G.  Catal.,  2948),  which  is  about  6'  north  of 
and  preceding  it. 

The  observing  conditions  on  all  the  nights  available  for  these 
measures  were  not  very  favorable,  and  the  measures  of  distance 
were  nearly  all  difficult.  This  was  especially  the  case  with  the 
nearest  star  (a),  which  was  at  the  limit  of  vision.  The  estimates 
of  magnitude  must  be  considered  as  relative  rather  than  abso- 
lute. In  addition  to  the  estimates  made  on  the  nights  of  the 
measures,  the  following  comparative  estimate  was  made  on  March 
29th:  0=  12.5;  k  =  t :=/  =  13.0;  /  =  m  =i3#;  j  =  c  = 
il-*>\  g  =  h  =  n=  14.0;  b  =  i4#;  e  =  15.5;  d=  16.0;  a, 
not  visible. 

The  diagram  facing  page  65  shows  the  relative  positions  of 
these  stars. 

Nova  and  a. 

Date.  Angle.  Distance.  Magnitude. 

1901.184         348°°  39"  39         —16.5 

.203  348     .7  40      28  —l6    5 


1901. 19 

348°4 

b. 

39". 82 

-16.5 

1901. 184 

.239 

io7°.9 
108  .1 

90". 86 
91  .88 

—14  5 
—  14.5 

1901.21  io8°.o  91". 37         — 14.5 
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c 


1 901  159 
.184 
•  239 

"  117°  2 
116  .6 
116  .7 

102". 31 

102  .30 

103  33 

—13.5 
—135 
—13.5 

1901. 19 

n6°.8 

102". 65 

—135 

1901 . 203 

1901.159 
.184 
.239 

I42°.7 

211°. 4 
2IO  .9 
2IO  .9 

211°. I 

121". 34 

123". 96 
125  13 
124  .76 

1 24". 62 

—155 

—13.0 
—13  0 
—130 

1901. 19 

—13.0 

1901 . 159 
.184 
.203 

620. 8 

63  .2 
63   3 

158"  33 
158  21 
157  95 

—130 
—12.5 

—135 

1901.18 
I 901 .203 

.239 

63°.  I 

k. 

H4°.6 
114  5 

158". 16 

168 ".86 
170  .64 

—13.0 

—130 
—135 

1901.22 

114°  5 

169". 75 

—132 

1901 . 184 

.239 

352°. 0 
352  .3 

352°. 2 

3oo°.3 
300  .4 

3oo°.4 

192". 75 
193  -39 

193 ".07 

—13.5 
14.0 

I9OI .21 

138 

I9OI  I59 
.I84 

236". 35 
236  .63 

236 ".49 

—130 
— 12.0 

I9OI.I7 

—12.5 

p  (=  Bonn  A.  G.  2948). 

1901. 176 
.184 

321°. 6 
321  .7 

367". 73 
367  45 

—9.0 
— 9.0 

1901.18 

32i°6 

367". 59 

—9.0 

e  and  d. 

1901 .203 

3o6°.7 

19" -5o 

— 16.0 

{'and 

g> 

1901 .203 
239 

2700. 4 
269  .6 

30". 9 1 
31  -34 

—  13-5 
145 

1901.22 

270°.0 

31". 12 

—14.0 
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i  and 

h. 

1900.203 

.239 

194°. 5 
195     4 

45" 
45 

42 
97 

—13  5 
— 14.0 

1901.22 

195°. 0 
0  and 

45" 

.70 

-138 

1901.159 
.184 
.239 

114°. 9 
114     7 
114     5 

7i" 
72 

7i 

7i 

78 
85 

—130 
— 14.0 

—  '35 

I 901. 19 

114°. 7 

72" 

.  11 

—13.5 

0  and  /. 

1901.159 
.184 
.239 

144°. 2 
144     2 
144     3 

144°. 2 

61" 

61 

61 

61" 

39 
.68 

99 
.69 

—13.5 
—13  0 
—13  0 

1901 . 19 

—132 

k  and 

m. 

1901.203 

.239 

ioo°.4 
100   .2 

21" 
22 

39 
.01 

—135 
—13  0 

1901.22 

ioo°3 

21" 

.70 

—132 

R.    G.   AlTKEN, 

The  Velocity  of  Groombridge  1830  in  the  Line  of  Sight. 

The  star  No.  1830  in  Groomb ridge's  catalogue  has  been 
called  the  "  Runaway  Star,"  on  account  of  its  large  proper 
motion.  Its  position  in  the  heavens  is  changing  at  the  rate  of 
7".o5  per  year, —  a  speed  sufficient  to  carry  it  over  one  degree 
in  five  hundred  years.  This  was  the  maximum  stellar  motion 
known  up  to  the  year  1898,  at  which  date  an  8th-magnitude  star 
in  the  southern  hemisphere  was  found  to  have  a  proper  motion 
of  8".  7  per  annum. 

Several  determinations  of  the  parallax  of  Groombridge  1830 
have  been  made.  The  separate  results  differ  widely  in  value, 
but  they  are  in  substantial  agreement  in  placing  the  star  at  a  great 
distance;  it  is  probable  that  at  least  twenty  stars  with  large  proper 
motions  are  nearer  than  Gr.  1830.  From  a  consideration  of  the 
merits  of  the  individual  determinations,  Newcomb  has  adopted 
o".  14  as  its  most  probable  parallax.  Assuming  this  to  be  its 
true  value,  the  component  of  the  star's  velocity  at  right  angles 
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to  the  line  of  sight  is  240  kilometers  (150  miles)  per  second. 
This  is  by  far  the  largest  cross-motion  assigned  for  any  of  the 
stars  whose  parallaxes  have  been  measured. 

Inasmuch  as  the  proper  motion,  both  in  arc  and  in  linear 
measure,  takes  account  of  the  component  of  motion  at  right  angles 
to  the  line  of  sight,  it  is  of  unusual  interest  to  have  a  determi- 
nation of  the  component  of  speed  in  the  line  of  sight.  This 
determination  has  been  made  with  the  Mills  spectrograph,  after 
replacing  its  three  dense  prisms  by  one  light  prism. 

Four  spectrum  photographs  have  been  secured  in  the  past 
two  months,  of  which  two  are  very  satisfactory,  and  one  is 
excellent.  The  results  given  by  the  four  are  in  substantial  agree- 
ment; those  given  by  the  best  two  are  —  93  and  —  97  kilometers 
(58  and  60  miles  approach)  per  second,  respectively.  Their 
mean  value,  — 95km,  is  possibly  uncertain  to  the  extent  of  five 
kilometers. 

In  view  of  the  very  great  uncertainty  existing  in  the  value 
of  the  parallax,  no  interest  attaches  to  the  value  of  the  angle 
resulting  for  the  direction  of  the  star's  motion  in  space. 

Gr.  1830  is  of  the  6.5  visual  magnitude.  The  photographic 
magnitude  on  the  Draper  Catalogue  standard,  must  be  in  the 
vicinity  of  7.5,  though  this  catalogue  assigns  it  as  6.63.  The 
spectrum  is  approximately  of  the  solar  type,  though  it  may 
incline  strongly  toward  the  characteristics  of  Procyon  or  a  Perseu 
The  best  photograph  was  secured  with  an  exposure  of  two 
hours,  in  average  seeing,  using  slit- width  omm.032.  The  meas- 
urable lines  on  the  plate  are  between  XX  4000-4415.  The 
region  A  4415  -  H/3  is  over-exposed.  The  spectrum  is  about 
o'.25  in  width.  The  light  flint  prism  gives  about  two  ninths  as 
much  dispersion  as  the  three  Mills  prisms. 

The  greatest  interest  of  the  observations  lies  in  the  fact  that 
fairly  accurate  determinations  of  stellar  velocities  are  shown  to 
be  possible  down  to  the  eighth  or  ninth  photographic  magni- 
tudes, provided  their  spectra  contain  well-defined  lines. 

W.  W.  Campbell. 

Comet  Notes. 

Professor  Kreutz  has  computed  elliptic  elements  for  Comet 
c  1900  (Giacobini)  which  show  that  it  is  a  member  of  the  same 
group  to  which  Comet  Wolf  and  Comet  Barnard  belong.  The 
periodic  time  is  a  little  less  than  seven  years.     Long-continued 
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cloudy  weather  during  January  and  February  made  it  impos- 
sible to  follow  this  object  as  closely  as  was  desirable.  Observa- 
tions were  secured  with  the  12-inch  on  January  13th  and  15th, 
and  with  the  36-inch  on  February  15th.  The  observed  places 
are  in  good  agreement  with  those  computed  from  the  elliptic 
elements. 

On  February  15th  the  comet  was  a  very  difficult  object  to 
measure,  even  with  the  great  refractor,  and  on  March  8th  it  could 
not  be  seen  at  all,  though  the  conditions  were  good. 

Comet  Brorsen,  which  was  expected  to  return  to  perihelion  in 
January,  was  looked  for  with  the  36-inch  telescope  on  several 
mornings  in  February,  but  without  success.  The  atmospheric 
conditions  during  the  search  were  good,  and  a  field  about  two 
degrees  square  was  examined  on  each  night. 

R.  G.  Aitken. 

Some  Stars  with  Large  Radial  Velocities. 

• 

While  pursuing  the  regular  programme  of  observation  with 
the  Mills  spectrograph,  it  was  found  that  the  following  stars 
have  large  velocities  in  the  line  of  sight,  as  indicated  below: — 

c  Andromeda  (a  =  oh  33";  8  ==  -f-  280  46'). 

1898,  October    4  —  83.4*""  Wright. 
October    9  —833  Wright. 

1899,  August  29  —  84.6  Wright. 

1900,  August  22  —  83.4  Wright. 

Mean,    —  83.7 

fx  Cassiopeia  (a=  ih  om;  8  =  +  540  20'). 

1900,  September  9  —  97.2km  Wright. 
September  18  —  97.0  Wright. 
December   11      —  98.  Campbell. 

The  proper  motion  of  fx  Cassiopeia  is  3".  75  per  year. 
Jacoby's  parallax,  determined  from  the  Rutherford  photo- 
graphs, is  o".  275.  These  correspond  to  a  motion  at  right 
angles  to  the  line  of  sight  of  66km  per  second,  though  this 
includes  nearly  the  full  component  of  the  motion  of  the  solar 
system. 

8  Leporis  (a  =  5h  47m.o;  8  =  —  200  54'). 

1900,  December  24     +  95km         Campbell. 
December  25     +  96  Campbell. 

December  30     -t-  94  Campbell. 
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6  Cam's  Majoris  (a  =  6h  50";  8  =  —  n°  55'). 

1897,  December  15     +  96km        Campbell. 

1899,  October      16     +  96.0         Wright. 

1900,  October       9     4-95-5         Wright. 

I  Pegasi  (a  =  2ib  I7n;  8  =  +  190  23'). 

1900,  July  3     —  75.7km     Wright. 

July  8     —  74.9         Wright. 

July  16     —  77.1         Wright. 

/a  Sagittarii  (a  =  i8h  7".  8;  8  =  —  21  °  05'). 

1899,  June  19     —  75km        Wright. 

1900,  May  30     —  76  Wright. 

These  measures  are  subject  to  an  uncertainty  of  several  kilo- 
meters, on  account  of  the  character  of  the  spectrum. 

The  negative  sign  indicates  approach  toward  the  solar  system , 
and  the  positive  sign  recession  from  the  solar  system. 

W.  W.  Campbell. 

Note  on  the  Probable  Error  of  Micrometer  Measures 

of  Eros. 

During  the  recent  Eros  campaign  for  the  determination  of  the 
value  of  the  solar  parallax,  a  great  many  observations  were  made 
visually  with  the  micrometer.  The  question  of  the  accuracy 
of  these  measures  is  therefore  an  important  one.  In  general, 
the  motion  of  Eros  was  so  rapid  in  both  coordinates  that  the 
probable  error  of  the  mean  of  a  number  of  settings,  even  when 
made  in  rapid  succession,  could  not  be  determined  in  the  usual 
manner  by  treating  the  differences  between  the  single  settings 
and  the  mean  as  the  v's. 

But  on  December  5,  1900,  Eros  ceased  its  apparent  westward 
motion  among  the  stars  and  began  to  move  eastward.  Conse- 
quently on  that  date  its  motion  in  Right  Ascension  was  very 
slight — only  about  twenty-two  seconds  of  arc  in  eight  hours. 

On  the  night  mentioned,  I  measured  the  position  of  Eros 
with  respect  to  two  small  stars  in  the  early  evening,  when  it  was 
from  three  to  two  hours  east  of  the  meridian,  and  with  respect 
to  two  other  stars  later  in  the  night,  when  it  was  from  four  to  dve 
hours  west  of  the  meridian.  In  all  I  made  eighteen  measures 
of  difference  of  Right  Ascension,  each  consisting  of  ten  settings 
with  the  micrometer.     As  the  ten  settings  in  no  case  required 
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more  than  three  and  a  half  minutes,  the  motion  of  Eros  could 
be  entirely  neglected  and  their  variations  from  the  mean  treated 
as  purely  accidental  errors  of  measurements. 

In  this  way  I  found  that  the  average  probable  error  for  the 
mean  of  ten  settings  was  ±:  o".053.  the  smallest  being  dz  o".036, 
and  the  largest  o".o85.  During  the  evening  measures  the  observ- 
ing conditions  were  about  the  average.  In  the  morning  the 
seeing  was  poor.  The  average  probable  error  for  the  evening 
observations  was  ±l  o".046,  and  for  the  morning  ±l  o".058.  The 
distances  of  the  stars  from  Eros  varied  from  19"  to  133",  and 
their  magnitudes  from  9.1  to  12.  In  both  evening  and  morning 
observations  the  two  comparison-stars  were  on  opposite  sides 
of  Eros  in  Right  Ascension.  Of  the  one  hundred  and  eighty 
settings,  eight  give  residuals  from  the  mean  of  ten  that  exceed 
o".50,  the  largest  being  —  o".  67. 

As  this  use  of  the  measures  was  not  thought  of  until  after  they 
had  been  made,  the  results  here  given  may  be  considered  as  , 
fairly  representing  the  accuracy,  so  far  as  accidental  error  of 
measurement  is  concerned,   of  my  entire  series  of  micrometer 
measures  of  Eros.  R.  G.  Aitken. 

The  Crocker  Eclipse  Expedition  to  Sumatra. 

The  Crocker  Eclipse  Expedition  to  Sumatra  sailed  from  San 
Francisco  on  February  19th,  on  the  Nippon  Maru.  The  expe- 
dition is  in  charge  of  Acting  Astronomer  C.  D.  Perrine,  who 
is  accompanied  by  Assistant  R.  H.  Curtiss.  The  Nippon 
reached  Yokohama  on  March  nth,  two  days  behind  schedule 
time,  unusually  heavy  weather  having  prevailed  almost  contin- 
uously. A  cablegram  from  Mr.  Perrine  was  received  at  the 
Lick  Observatory  on  April  5th,  announcing  the  arrival  of  the 
expedition  at  Padang.  The  eclipse  occurs  May  17,  9h  29™  p.m., 
Pacific  standard  time. 

Weather  permitting,  it  is  hoped  to  secure  observations  with 
the  following  instruments: — 

1.  Five-inch  aperture,  40-foot  focus,  Clark  photoheliograph 
lens,  for  recording  the  details  of  the  inner  corona.  The  exposures 
will  vary  from  %  second  up  to  2*^  minutes,  the  latter  on  18  X 
22 -inch  plates. 

2.  Five- inch  aperture,  67-inch  focus,  Floyd  (Clark)  photo- 
graphic telescope,  for  securing  a  series  of  photographs  showing 
the  general  features  of  the  corona. 
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3.  Six-inch  aperture,  32.6-inch  focus,  Pierson  (Dallmeyer) 
quadruplet  camera,  for  recording  the  outer  portions  of  the  corona. 

4.  One-inch  aperture,  20^-inch  focus  camera,  with  a  large 
double-image  prism  in  front  of  its  lens;  separating  the  two  images 
about  1  %  degrees.  It  is  hoped  that  a  long  and  a  short  exposure 
can  be  secured  in  each  of  five  positions  of  the  prism  differing 
22}£  degrees  in  position-angle  from  each  other,  successively. 

In  this  connection,  it  may  be  said  that  no  phase  of  eclipse  work 
is  now  more  prominent  or  more  important  than  that  of  measur- 
ing the  proportion  of  polarized  light  in  the  corona.  The  out- 
come of  the  numerous  discussions  in  the  technical  journals  has 
simply  been  to  emphasize  the  necessity  of  securing  more  obser- 
vations with  all  the  instruments  heretofore  employed  for  this 
purpose.  I  must  confess  that  the  polarization  effects  observed 
by  some  at  the  eclipse  of  May  28,  1900,  are  so  strong  as  to  excite 
suspicion  that  the  results  are  at  least  in  part  of  instrumental 
origin.  Granting  that  the  coronal  light  is  largely  reflected  sun- 
light, it  seems  to  me  that  the  planes  of  polarization  should  not 
be  strongly  marked.  A  reflecting  or  refracting  particle  of  the 
corona,  situated  less  than  10'  of  arc  from  the  Sun's  edge,  must 
be  receiving  illumination  from  every  visible  point  of  the  photo- 
sphere, and  therefore  from  a  multitude  of  very  different  directions. 
Again,  the  observation  includes  not  only  one  illuminated  point, 
but  a  long  line  of  points  lying  in  the  line  of  sight.  For  regions 
reasonably  near  the  Sun's  edge,  how  can  the  planes  of  polariza- 
tion be  clearly  defined  to  the  extent  of  revealing  a  large  propor- 
tion of  polarized  light  ? 

5.  An  efficient  one-prism  spectrograph,  slit  radial  to  Sun,  for 
recording  the  bright  and  (possible)  dark-line  spectrum  of  the 
corona,  and  for  the  bearing  of  the  results  on  the  question  of 
polarization. 

6.  An  efficient  one-prism  spectrograph,  slit  tangential  to  the 
Sun,  to  supplement  the  preceding  instrument. 

7.  A  battery  of  four*  photographic  telescopes,  3- inch  aper- 
ture, 11  ft.  4  in.  focus,  for  recording  a  possible  planet  (or  planets) 

Vulcan.  These  are  mounted  in  a  large  polar  axis  driven  by  a 
clock  at  the  end  of  a  10- foot  sector  driving-arm,  in  such  a  way 
that  two  of  them  will  point  east  of  the  Sun,  and  the  other  two 
west  of  it.     It  is  planned  to  secure  photographs  in  duplicate  of  a 


•Two  of  the  lenses  were  kindly  loaned  by  Harvard  College  Observatory. 
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strip  of  sky  along  the  Sun's  equator  about  70  X  35°.  Success- 
ful photographs  should  record  all  stars  and  planets  in  this  region 
as  bright  as  the  8. 5  magnitude.  The  instrument  was  set  up  at 
Mt  Hamilton  in  February,  and  photographs  of  this  same  region 
of  sky  were  taken  without  the  Sun  and  the  hypothetical  planets 
in  it.  A  comparison  of  the  two  sets  of  plates  should  promptly 
lead  to  the  discovery  of  any  planet  as  bright  as  the  8.5  magnitude 
which  the  Sun  may  have  brought  into  this  region  of  the  sky. 

The  long  duration  of  this*  eclipse,  6%  minutes,  and  the  prob- 
able darkness  of  the  sky,  make  this  the  pre-eminent  occasion  for 
the  Vulcan  search  by  photography.  At  the  eclipses  preceding 
1900,  many  observing  parties  secured  photographs  for  this  pur- 
pose, with  short-focus  cameras;  but  owing  to  the  brightness 
of  the  sky,  and  to  the  short  focal  lengths  employed,  the  stars 
recorded  were  not  fainter  than  the  fourth  or  fifth  magnitude;  and 
no  unknown  objects  were  recorded.  Several  observers  appear  to 
have  been  interested  in  the  problem  of  recording  fainter  objects, 
and  to  have  reached  similar  solutions  almost  simultaneously.  In 
the  month  of  January,  1900,  Mr.  Perrine  came  to  my  office  to 
say  that  he  had  designed  a  telescope  for  efficiency  in  searching 
for  Vulcan;  and  I  was  able  to  say  that  I  had  come  to  a  conclu- 
sion on  the  same  question.  We  compared  results,  and  found 
them  very  similar.  If  I  remember  correctly,  Mr.  Perrine' s 
design  called  for  a  6-inch  aperture  and  16-foot  focus.  My  dimen- 
sions were  5-inch  aperture  and  15-foot  focus.  The  aim  of  both 
had  been  to  reduce  the  sky-brightness  on  the  plate  by  increasing 
the  focal  length  far  beyond  what  we  had  previously  employed  at 
the  Indian  and  other  eclipses.  On  account  of  the  expense  of 
constructing  several  such  instuments,  of  our  distance  from  manu- 
facturers, of  the  short  duration  of  the  Georgia  eclipse  (im  25"), 
and  of  the  fact  that  the  expedition  would  have  to  start  early  in 
April,  we  decided  to  plan  the  instruments  for  use  in  Sumatra; 
and  Professor  Keeler  was  spoken  to  with  that  in  view.  Profes- 
sor Wm.  H.  Pickering,  of  Harvard  College  Observatory,  was 
busy  at  the  same  time  with  a  practical  solution  of  the  same  prob- 
lem. His  results,  and  plans  for  employing  them  at  the  Georgia 
eclipse,  were  published  in  March,  1900;  and  two  of  his  four 
lenses  are  to  be  used  by  Mr.  Perrine  in  Sumatra.  We 
should  have  liked  to  secure  lenses  of  about  the  dimensions 
originally  planned  for  by  Mr.  Perrine  and  myself;  but  the 
uncertainty  as  to   whether  observers  could    be   spared    for   the 
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Sumatra  expedition  was  not  resolved  until  January,  1901,  too 
late  for  the  full  realization  of  our  ideas. 

Lenses  of  the  dimensions  planned  by  Professor  Pickering 
were  employed  by  several  parties  in  1900;  but  so  far  as  I  am 
aware  no  results  have  been  published.  W.  W.  Campbell. 

Scientific  Visitors  to  the  Lick  Observatory. 

The  Lick  Observatory  had  a  pleasant,  but  far  too  brief,  visit  from 
the  members  of  the  U.  S.  Naval  Observatory  and  Smithsonian 
Institution  Expeditions  to  Sumatra,  on  the  afternoon  of  February 
14th.  The  party  included  Professor  A.  N.  Skinner,  in  charge  of 
the  U.  S.  Naval  Observatory  Expedition,  and  Mr.  C.  G.  Abbot, 
in  charge  of  the  Smithsonian  Expedition;  Professor  E.  E.  Bar- 
nard, of  Yerkes  Observatory;  Professor  W.  S.  Eichelberger, 
and  Assistant  Astronomers  F.  B.  Littell  and  G.  H.  Peters, 
of  the  Naval  Observatory;  Dr.  Mitchell,  of  Columbia  Univer- 
sity; Mr.  H.  D.  Curtis,  of  the  University  of  Virginia;  and  Mr. 
L.  E.  Jewell,  of  Johns  Hopkins  University. 

Mr.  W.  R.  Warner,  of  the  well-known  firm  of  Warner  & 
Swasey,  accompanied  by  Mrs.  Warner,  spent  the  26th  and 
27th  of  March  at  Mt.  Hamilton,  much  to  the  gratification  of  the 
members  of  the  staff. 

It  was  a  pleasure  to  be  able  to  show  Mr.  Warner  that  the 
great  telescope  is  in  its  original  satisfactory  condition,  —  perhaps 
with  some  improvements  added. 

Dr.  Arthur  T.  Hadley,  President  of  Yale  University,  accom- 
panied by  Mrs.  Hadley,  visited  the  Observatory  on  the  night 
of  March  27th.  W.  W.  C. 

Changes  in  the  Staff  of  the  Lick  Observatory. 

The  Board  of  Regents  of  the  University  of  California,  at  the 
regular  quarterly  meeting  on  March  12th,  took  action  affecting 
the  Lick  Observatory  staff,  as  follows: — 

Assistant  Astronomer  C.  D.  Perrine  was  relieved  from  the 
duties  and  title  of  Secretary. 

The  title  of  Acting  Astronomer  was  conferred  upon  C.  D. 
Perrine,  to  hold  during  his  absence  from  the  Observatory,  on 
the  Crocker  Eclipse  Expedition  to  Sumatra. 

Mr.  Ralph  Hamilton  Curtiss,  recently  Student  Assistant 
in  the  Students'  Observatory  of  this  University,  was  appointed 
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Assistant  in  the  Lick  Observatory,  to  date  from  February  15, 
1901.  Mr.  Curtiss  sailed  from  San  Francisco  on  February  19th, 
as  Assistant  on  the  Crocker  Eclipse  Expedition  to  Sumatra,  to 
return  to  the  Observatory  about  August  1st. 

Mr.  Cornelius  George  Dall,  recently  Student  Assistant  in 
the  Students'  Observatory,  was  appointed  Assistant  in  the  Lick 
Observatory  from  March  15  to  July  1,  1901. 

Mr.  Archibald  Jeter  Cloud,  University  of  California,  Class 
of  1900,  was  appointed  Secretary  of  the  Lick  Observatory,  from 
March  15,  190 1.  W.  W.  Campbell. 

Astronomical  Telegrams. 
(  Translations. ) 

To  Lick  Observatory,        Cambridge,  Mass.,  Feb.  22,  1901. 
Mt.  Hamilton,  Cal.     (Re<*ived  6:20  a.m.,  Feb.  24.) 
A  new  star  was  discovered  by  Anderson  at  Edinburgh.   The 
position  is  R.  A.  3h  24m4;   Decl.  -f-  430  34',  in  the  constellation 
Perseus.     The   magnitude  on   Feb.  21,  was  2.7;    color   bluish 
white.  (Signed)         Edward  C.  Pickering. 

To  W.  W.  Campbell,      Flagstaff,  Ariz.,  Feb.  23,  1901. 
Lick  Observatory.       (Received  6:25  A.M.,  Feb.  24. ) 
Please  verify  new  star  near  Algol,  zero  magnitude. 

(Signed)        A.   E.  Douglass. 


GENERAL    NOTES, 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  carrying  out  the  work  of  this  department.    Communications  of  general  interest  will  be 

Gladly  received,  and  may  be  sent  to  Sidney  D.  Townley,  2023  Bancroft  Way,  Berkeley, 
lalifornia.  

On  February  8,  1901,  the  gold  medal  of  the  Royal  Astronom- 
ical Society  was  granted  to  Professor  Edward  C.  Pickering, 
Director  of  the  Harvard  College  Observatory. 


The  Royal  Academy  of  Sciences,  Sweden,  will  hold  a  special 
session  on  October  24,  1901,  the  tercentenary  of  the  death  of 
Tycho  Brahe.  The  society  has  undertaken  to  issue  a  facsimile 
reproduction  of  Tycho's  great  work,  Astro?iomia  Instaurata 
Progymnasmata,  of  which  but  five  copies  are  known  to  exist 


The  following  notice  is  copied  from  Science : — 

"  Each  year  there  is  being  issued  under  the  editorship  of  Professor 
Dr.  W.  Wislicenus,  from  the  press  of  Georg  Reimer,  an  Astronotni- 
scher  Jahrcsbcficht%  or  annual  review  of  all  kinds  of  astronomical  publi- 
cations, including  writings  on  geodesy  and  navigation,  if  not  too  remotely 
connected  with  astronomy.  This  work  is  carried  on  under  the  supervi- 
sion of  the  Astronomische  Gesellschaft.  The  first  volume  contains  the 
publications  of  1899,  and  consists  of  xxiv  -j-  537  pages,  8vo.  This  was 
issued  in  the  spring  of  1900. 

"  In  the  interests  of  publishers,  of  readers,  and  of  the  nation  which  he 
represents,  the  associate- editor  for  the  United  States  desires  to  make  the 
compilation  and  review  of  American  publications  on  the  above-named 
subjects  as  complete  as  possible.  To  this  end  he  invites  authors  and 
publishers  to  favor  him  with  the  title  and  place  of  publication  of  each 
book  or  article  issued  during  1901  and  each  subsequent  year,  or  a  copy 
of  the  same,  if  convenient,  that  it  may  be  reviewed  for  this  purpose.  The 
reviews  are  merely  explanatory  —  not  critical.  Herman  S.  Davis. 

41  International  Latitude  Observatory,  Gaithersburg,  Maryland." 


At  a  recent  meeting  of  the  Council  of  the  Astronomical  and 
Astrophysical  Society  of  America  it  was  decided  to  hold  the  next 
meeting  of  the  Society  at  Washington,  D.  C,  in  December, 
1 901,  instead  of  at  Denver,  in  August.  This  change  will  doubt- 
less be  agreeable  to  most  of  our  Eastern  friends,  but  hardly  so 
agreeable  to  some  of  us  on  the  Pacific  Coast  who  expected  to 
attend  the  Denver  meeting. 


Professor  Francis  E.  Nipher,  of  Washington  University, 
has  recently  made  some  interesting  discoveries  in  photography, 
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which  are  of  special  value  with  regard  to  over-exposed  solar- 
eclipse  plates.  Over-exposed  plates  can  be  developed  as  positives, 
giving  fully  as  much  sharpness  and  detail  as  the  best  negatives. 
He  has  found  also  that  plates  can,  with  proper  exposure,  be 
developed  in  direct  sunlight.  An  over-exposed  plate  may  be 
either  developed  as  a  negative  in  a  perfectly  dark  room  or  as  a 
positive  in  a  light  room.  Those  interested  in  the  subject  may 
find  fuller  explanations  in  a  short  article  by  Professor  Nipher,  in 
Science,  February  8,  1901. 

Nova  Persei  was  independently  discovered  by  a  number  of 
persons.  Professor  E.  B.  Frost,  at  Dartmouth  College,  noticed 
the  star  on  February  22d  before  having  received  the  message 
announcing  Dr.  Anderson's  discovery.  (See  Astronomical 
Journal,  No.  493.)  The  following  note  from  Professor  W.  J. 
Hussev,  who  is  spending  his  vacation  in  Washington,  D.  C, 
shows  that  the  star  was  seen  early  in  that  part  of  the  country  also: 

"The  new  star  in  Perseus,  found  by  Anderson  in  Scotland,  February 
2i,  1901,  was  independently  discovered  in  America  on  the  following 
evening  by  Mr.  Richard  D.  Micou,  a  student  in  the  University  of  Vir- 
ginia, and  by  Mr.  Fakquhar,  of  the  Patent  Office,  Washington,  D.  C. 
Mr.  Farquhar  sent  a  telephone  message  to  the  U.  S.  Naval  Observ- 
atory announcing  his  discovery  of  the  new  star.  Mr.  Micou  informed 
Professor  Stone  of  its  existence,  who  telegraphically  announced  it  to 
Harvard  College  Observatory." 


During  the  past  three  months  there  has  been  considerable 
public  discussion  concerning  the  management  of  the  United 
States  Naval  Observatory.  The  naval  appropriation  bill  passed 
by  the  last  Congress  contains  the  following  provision  concerning 
the  administration  of  the  affairs  of  the  observatory  : — 

44  There  shall  be  appointed  by  the  President,  by  and  with  the  advice 
and  consent  of  the  Senate,  from  persons  not  officers  of  the  United  States, 
a  board  of  six  visitors  to  the  Naval  Observatory,  four  to  be  astronomers 
of  high  professional  standing  and  two  to  be  eminent  citizens  of  the  United 
States.  Appointments  to  this  board  shall  be  made  for  periods  of  three 
years,  but  provision  shall  be  made  by  initial  appointments  for  shorter 
terms,  so  that  two  members  shall  retire  in  each  year.  Members  of  this 
board  shall  serve  without  compensation,  but  the  Secretary  of  the  Navy 
shall  pay  the  actual  expenses  necessarily  incurred  by  members  of  the 
board  in  the  discharge  of  such  duties  as  are  assigned  to  them  by  the 
Secretary  of  the  Navy  or  are  otherwise  imposed  upon  them.  The  board 
of  visitors  shall  make  an  annual  visitation  to  the  observatory,  at  a  date 
to  be  determined  by  the  Secretary  of  the  Navy,  and  may  make  such 
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other  visitations,  not  exceeding  two  in  number  annually,  by  the  full  board 
or  by  a  duly  appointed  committee,  as  may  be  deemed  needful  or  expe- 
dient by  a  majority  of  the  board.  The  board  of  visitors  shall  report  to 
the  Secretary  of  the  Navy  at  least  once  in  each  year  the  result  of  its 
examination  of  the  Naval  Observatory  as  respects  the  condition  of  build- 
ings, instruments,  and  apparatus,  and  the  efficiency  with  which  its  scien- 
tific work  is  prosecuted,  and  shall  also  report  as  respects  the  expenditures 
in  the  administration  of  the  observatory.  The  board  of  visitors  shall 
prepare  and  submit  to  the  Secretary  of  the  Navy  regulations  prescribing 
the  scope  of  the  astronomical  and  other  researches  of  the  observatory 
and  the  duties  of  its  staff  with  reference  thereto.  When  an  appointment 
or  detail  is  to  be  made  to  the  office  of  astronomical  director,  director 
of  the  Nautical  Almanac,  astronomer  or  assistant  astronomer,  the  board 
of  visitors  may  recommend  to  the  Secretary  of  the  Navy  a  suitable  per- 
son to  fill  such  office;  but  such  recommendation  shall  be  determined  only 
by  a  majority  vote  of  the  members  present  at  a  regularly  called  meeting 
of  the  board  held  in  the  city  of  Washington.  The  superintendent  of  the 
Naval  Observatory  shall  be,  until  further  legislation  by  Congress,  a  line 
officer  of  the  navy,  of  a  rank  not  below  that  of  captain." 

According  to  the  above  provisions,  President  McKinley  has 
appointed  the  following  named  persons  as  members  of  the  Board 
of  Visitors  :  St.  Clair  McKelway,  of  Brooklyn;  William  R. 
Harper,  President  of  the  University  of  Chicago;  Charles  A. 
Young,  Director  of  the  Observatory  of  Princeton  University; 
Ormond  Stone,  Director  of  the  Leander  McCormick  Observa- 
tory; Edward  C.  Pickering,  Director  of  the  Harvard  College 
Observatory;  Asaph  Hall,  Jr.,  Director  of  the  Detroit  Observ- 
atory. 

The  affairs  of  the  observatory  have  not  only  been  publicly 
discussed,  but  have  become  complicated  by  trouble  arising  be- 
tween the  Superintendent  and  the  Astronomical  Director.  Super- 
intendent Davis  has  preferred  charges  against  Director  Brown, 
and  these  have  been  settled,  by  Secretary  Long  detaching 
Professor  Brown  from  duty  as  head  of  the  Nautical  Almanac 
force.  The  work  of  the  Almanac  is  now  in  charge  of  Professor 
Harshman.  

During  the  solar  eclipse  of  May  28,  1900,  meteorological  data 
were  obtained  at  various  stations.  The  data  have  been  discussed 
by  Mr.  H.  Helm  Clayton  and  published  in  a  bulletin  of  the 
Blue  Hill  Meteorological  Observatory,  Annals  of  the  Astronom- 
ical Observatory  of  Harvard  College,  Vol.  XLIII,  No.  1.  Some 
highly  interesting  conclusions  were  reached,  and  Mr.  Clayton 
has  published  a  resume"  of  the  work  in  the  Proceedings  of  the 
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American  Academy  of  Arts  and  Sciences,  Vol.  XXXVI,  No.  16. 
A  review  of  the  latter  by  Professor  R.  De  C.  Ward,  may  be 
found  in  Science  for  March  i,  1901.  Mr.  Clayton  shows  that 
the  effect  of  the  decrease  in  temperature  is  to  form  an  eclipse 
cyclone,  which  travels  —  that  is,  forms  and  dissipates  —  with  the 
velocity  of  the  shadow.  He  summarizes  his  conclusions  as 
follows: — 

"In  brief,  the  meteorological  effects  of  the  eclipse  are  important— 

"(1)  Because  they  confirm  so  fully  Ferrel's  theory  of  the  cold-air 
cyclone; 

"  (2)  Because  they  show  the  wonderful  rapidity  with  which  cyclonic 
phenomena  can  develop  and  dissipate  in  the  atmosphere;  and 

"  (3)  Because  they  show  that  cyclones  do  not  necessarily  move  with 
the  atmosphere,  but  move  with  their  originating  cause,  which  in  the 
eclipse  had  a  progressive  velocity  of  about  two  thousand  miles  an  hour.1' 

Mr.  Clayton  then  goes  on  to  consider  the  subject  of  diurnal 
cyclones  in  the  light  of  the  deductions  obtained  from  considera- 
tion of  meteorological  data  taken  during  the  eclipse.  The  thread 
of  Mr.  Clayton's  argument  is  sufficiently  shown  by  the  follow- 
ing extract: — 

"The  discovery  that  the  brief  fall  of  temperature  attending  a  solar 
eclipse  produces  a  well-developed  cyclone  which  accompanies  the  eclipse 
shadow,  at  the  rate  of  about  two  thousand  miles  an  hour,  suggests  that 
the  fall  of  temperature  due  to  the  occurrence  of  night  must  also  produce, 
or  tend  to  produce,  a  cold-air  cyclone.  Since  the  heat  of  day  produces, 
or  tends  to  produce,  a  warm-air  cyclone,  there  must  tend  to  occur  each 
day  two  minima  of  pressure,  one  near  the  coldest  part  of  the  day,  and 
another  near  the  warmest  part  of  the  day,  with  areas  of  high  pressure 
between  them,  due  to  the  overlapping  of  the  pericyclones  surrounding 
the  cold- air  and  the  warm -air  cyclones  respectively.  These  causes  must 
produce  entirely  or  in  part  the  well-known  double  diurnal  period  in  air- 
pressure.  At  any  rate,  in  view  of  the  fact  that  an  eclipse  causes  a  cyclone 
over  half  a  hemisphere,  it  will  be  necessary  before  rejecting  such  a  theory 
to  show  that  the  fall  of  temperature  at  night  does  not  produce  a  cyclone, 
or  that  this  cyclone  and  the  corresponding  warm-air  cyclone  of  the  day 
do  not  appreciably  influence  the  barometer. 

"The  points  in  favor  of  the  theory  that  the  double  diurnal  period  in 
pressure  is  due  to  two  diurnal  cyclones,  one  developed  by  the  cold  of 
night  and  the  other  by  the  heat  of  day,  may  be  stated  in  brief  as  follows: 
The  theory  is  based  on  well-known  physical  laws.  The  possibility  of  a 
cold-air  cyclone  under  conditions  similar  to  the  diurnal  cyclone  is  con- 
firmed by  the  eclipse  cyclone.  The  theory  explains  the  annual  oscilla- 
tion of  the  time  of  maxima  and  minima  of  pressure  in  the  diurnal 
period,  and  explains  the  occurrence  of  a  third  maximum  in  high  northern 
latitudes  in  winter.  The  theory  also  explains  why  the  warm-air  cyclone 
is  well  developed  over  continents,  and  on  clear  days,  and  causes  a  marked 
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fall  in  the  barometer  during  the  afternoon,  while  the  morning  minimum 
of  pressure  over  continents  does  not  attain  an  excessive  development  as 
compared  with  that  over  oceans  where  there,  is  slight  retardation  of  the 
air  movements  on  which  the  fall  of  the  barometer  in  the  cold-air  cyclones 
depends. 

"The  diurnal  cyclones  move  from  east  to  west,  contrary  to  the  motion 
of  ordinary  cyclones  in  temperate  latitudes.  Their  velocity  of  motion 
is  about  one  thousand  miles  an  hour  at  the  equator,  and  diminishes 
toward  the  poles." 

Father  Hagen,  of  the  Georgetown  College  Observatory,  has 
published  and  distributed  two  charts  and  catalogues  of  compari- 
son-stars for  Nova  Persei.  These  charts  and  catalogues  are  very 
useful  and  should  be  obtained  by  all  who  have  made  compari- 
sons of  the  brightness  of  the  new  star.  The  series  of  compari- 
sons made  at  the  Students'  Observatory,  Berkeley,  shows  that 
the  general  decline  in  the  brightness  of  the  star  has  been  varied 
by  frequent  increases,  the  most  marked  being  between  March 
25th  and  26th,  when  the  brightness  of  the  star  increased  from 
magnitude  5.1  to  magnitude  3.8. 


Mr.  Andrew  Greig,  of  Dundee,  Scotland,  has  kindly  for- 
warded the  following: — 

Abstract  of  a   paper  by  Professor  Gray  on   "The  Tides  and 
Genesis  of  the  Moon." 

"Professor  Gray,  F.  R.  S.,  successor  to  Lord  Kelvin  at  University 
of  Glasgow,  lectured  recently  on  '  The  Tides  and  Genesis  of  the  Moon.' 
The  Romans  were  the  first,  he  said,  to  detect  some  of  the  more  promi- 
nent of  the  tidal  phenomena,  and  to  assign  to  these  their  proper  place. 
He  explained  and  illustrated  by  means  of  diagrams  the  causes  of  the 
spring  and  neap  tides,  and  gave  a  demonstration  of  the  equilibrium  and 
dynamical  theories  of  the  tides.  According  to  the  equilibrium  theory, 
there  was  always  high  water  immediately  under  the  Moon,  and  also  on 
the  opposite  side  of  the  Earth  at  the  same  time.  The  motion  of  rotation 
of  the  Earth  is  retarded  by  the  action  between  the  Earth  and  the  Moon. 
The  Earth  rotates,  as  it  were,  under  the  friction -collar  formed  by  the 
heaped -up  waters  on  the  Earth,  which  are  held  back  by  the  Moon.  Thus, 
the  Earth  is,  as  time  goes  on,  caused  to  turn  on  its  axis  more  and  more 
slowly.  It  is  estimated  that  it  falls  behind  a  true  clock  from  this  cause 
by  about  twenty-two  seconds  in  one  hundred  years.  The  action  of  the 
Earth  upon  the  Moon  was  to  hasten  it  in  its  orbit,  so  that  it  was  moving 
outward,  increasing  the  radius  of  the  circle.  The  consequence  was  that 
the  length  of  the  day  and  the  length  of  the  month  were  both  increasing; 
but  the  length  of  the  day  was  increasing  faster  than  the  length  of  the 
month,  and  thus  they  were  approaching  slowly  to  an  equality.  When 
that  took  place,  there  would  be  another  change.     In  consequence  of  the 
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action  of  the  Son  on  the  tides  upon  the  Earth,  the  Moon  would  begin  to 
come  closer  in  upon  the  Earth,  and  unless  some  other  action  took  place 
upon  the  system,  the  Moon  would  approach  the  Earth  until  it  actually 
fell  upon  its  surface.  But  we  need  be  under  no  apprehension  as  to  this 
happening—  it  would  be  several  millions  of  years  before  such  a  catas- 
trophe took  place. 

"With  respect  to  the  origin  of  the  Moon,  the  Earth  at  an  early  stage 
of  its  existence  was  a  semi-solid,  semi-fluid,  plastic  mass,  spinning  round 
on  its  axis  in  a  period  of  three  to  five  hours.  The  period  in  which  a 
wave  would  have  gone  round  the  Earth  would  have  been  about  three 
hours,  or  nearly  equal  to  the  period  in  which  the  Earth  went  spinning 
round.  Now,  if  a  wave  produced  by  the  action  of  the  Sun  went  round 
the  Earth  in  three  hours,  each  time  it  returned  to  receive  the  Sun's  action 
it  would  be  increased  in  size.  The  Earth  was  spinning  at  a  great  rate; 
and  the  result  would  be  that  parts  of  it  would  fly  off  like  the  rim  of  an 
over-driven  fly-wheel,  and  one  or  more  of  these  fragments  formed  the 
Moon.  The  Moon  continued  to  go  round  in  a  similar  orbit  to  the  Earth, 
but  rather  more  slowly  than  when  it  left  the  Earth.  Immediately  it 
began  to  go  further  and  further  out,  and  this  was  what  it  was  still  doing." 

The  value  of  Eros  for  the  redetermination  of  the  solar  parallax 
has  been  noted  repeatedly  in  these  Publications.  But  it  holds 
other  attractions  for  astronomers  as  well.  Professor  Pickering 
early  pointed  out  that  it  was  well  situated  for  the  investigation 
of  certain  photometric  problems;  for  instance,  whether  the  light 
of  a  planet  varied  inversely  as  the  square  of  the  distance.  And 
now  observers  with  the  photometer  find  that  the  light  of  the  little 
planet  varies  considerably  in  a  very  short  period  of  time.  Dr.  E. 
von  Oppolzer  seems  to  have  been  the  first  one  to  call  attention 
to  this  interesting  phenomenon,  but  his  announcement  in  the 
Astronomische  NachHchten  received  prompt  confirmation  from  a 
number  of  other  observers. 

From  observations  so  far  published  the  range  of  variation 
seems  to  be  considerably  greater  than  one  magnitude,  and  the 
interval  from  maximum  to  maximum  or  from  minimum  to  mini- 
mum to  be  less  than  three  hours.  It  has  been  suggested  that  the 
variation  is  due  to  the  rapid  rotation  of  Eros  —  the  opposite 
hemispheres  of  the  little  planet  being  assumed  to  possess  different 
albedos,  or  powers  of  reflecting  light. 

Mr.  St.  Clair  McKelway,  of  Brooklyn,  has  declined  the 
tender  of  a  place  on  the  Board  of  Visitors  of  the  United  States 
Naval  Observatory,  and  Secretary  Long  has  designated  for  the 
place  Professor  Charles  F.  Chandler,  of  Columbia  Univer- 
sity, New  York,  who  has  accepted. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 

held  in  the  Rooms  of  the   Society, 

March  30,  1901,  at  7:30  p.  m. 

Mr.  Burck halter  presided.  A  quorum  was  present.  The  minutes 
of  the  last  meeting  were  read  and  approved.  The  following  members 
were  duly  elected: — 

List  of  Members  Elected  March  30,  1901. 

Mr.  Geo.  L.  Dillman,  c  e. 917  Grand  St.,  Alameda,  Cal. 

Mr.  Edward  Irving Berkeley,  Cal. 

Lowell  Observatory Flagstaff,  Arizona. 

Report  of  the  Library  Committee. 

We,  the  undersigned  Committee  of  the  Society's  Library,  report  as  follows :  — 
During  the  past  year  the  card  index  (which  was  commenced  some  years  ago)  of  the 
bound  volumes  of  the  library,  has  been  completed.     The  library  now  contains  1,144  bound 
volumes.    It  is  hoped  that  we  may  soon  commence  an  index  for  the  pamphlets. 

The  expenditures  from  the  Alexander  Montgomery  Library  Fund  for  the  year  ending 
March  30,  xooi,  may  be  found  in  the  Treasurer's  report. 

Respectfully  submitted, 

Sidney  D.  Townlhy,  Librarian. 
Rose  O'Halloran, 
Adelaide  M.  Hobe. 

The  following  resolutions  were,  on  motion,  adopted :  — 

Resolved,  That  the  chairman  of  the  Committee  on  Publication  be  not  required  to  pay 
annual  dues. 

Resolved,  That  the  Library  Committee  be  empowered  to  dispose  of  extra  copies  of 
certain  books,  by  sale  or  exchange,  provided  the  number  of  copies  be  not  reduced  to  less 
than  two  of  each. 

Resolved,  That  the  Library  Committee  be  authorized  to  purchase  such  additional 
book  cases  and  shelves  as  are  required ;  the  sums  expended  not  to  exceed  the  amount  of 
interest  available. 

Adjourned. 
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Minutes  of  the  Annual  Meeting  of  the  Astronomical 

Society  of  the  Pacific,  held  in  the  Rooms  of  the 

Society,  March  30,  1901,  at  8  p.  m. 

The  meeting  was  called  to  order  by  Mr.  Burckhaltbr.  A  quorum 
was  present  The  minutes  of  the  last  meeting  were  approved.  The 
Secretary  read  the  names  of  new  members  duly  elected  at  the  Directors' 
meeting. 

The  following  papers  were  presented:— 

x.    Reports  of  Committees:  on  Nominations;  on  the  Comet  Medal;  on  Auditing;  and 

Annual  Report  of  die  Treasurer. 
a.    Photographs  of  the  Zodiacal  Light,  by  A.  E.  Douglass. 

3.  Photographic  Observations  of  Comet  II,  2900,  by  H.  K.  Palmkr. 

4.  Planetary  Phenomena  for  May  and  June,  1901,  by  M.  McNeill. 

The  Committee  on  Nominations  reported  a  list  of  names  proposed 
for  election  as  Directors,  as  follows:  Messrs.  A.  H.  Babcock,  W.  W. 
Campbell,  Chas.  S.  Cushing,  John  Dolbkkr,  C.  B.  Hill,  E.  J. 
Molkra,  Miss  R.  O'Halloran,  Messrs.  C.  D.  Perrine,   Wm.  M 

PlERSON,  S.   D.  TOWNLKY,  F.   R.  ZlEL. 

For  Committee  on  Publication:  Messrs.  R.  G.  Aitkbn,  S.  D.  Town- 
ley,  J.  D.  Galloway. 

Messrs.  Moses  and  Galloway  were  appointed  as  tellers.  The  polls 
were  open  from  8:15  to  9  p.  m .,  and  the  persons  above  named  were  duly 
elected  to  serve  for  the  ensuing  year. 

Report   op   the   Committee  on   the   Comet-Medal,    Submitted 
March  30,   1901. 
This  report  relates  to  the  calendar  year  1900.    The  comets  of  1900 
have  been: 

Comet  a  (unexpected  comet),  discovered  by  M.  Michel  Giacobini,  at  the  Nice 
Observatory,  on  January  31st. 

Comet  b  (unexpected  comet),  discovered  by  M.  Borrklly,  at  the  Marseilles  Observ- 
atory, on  July  23d,  and  independently,  a  little  later  on  the  same  night,  by  Dr.  Brooks, 
of  Geneva,  N.  Y. 

Comet  c  (unexpected  comet),  discovered  by  M.  Michel  Giacobini,  at  the  Nice 
Observatory,  on  December  20th. 

The  Comet-Medal  has  been  awarded  to  the  discoverers  of  comets  a  and  c,  and  to  the 
first  discoverer  of  comet  b,  in  accordance  with  the  regulations. 

Respectfully  submitted, 

W.  W.  Campbell, 
Wm.  M.  Pibrson, 
Chas.  Burckhaltbr. 
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The  Treasurer  submitted  his  Annual  Report  as  follows:— 

Annual  Statement  of  the  Receipts  and  Expenditures  of  the 

Astronomical  Society  of  the  Pacific  for  the 

Fiscal  Year  ending  March  30,  1901. 

general  fund. 

Receipts. 

Cash  Balance,  April  i,  1900 $35  o 

Received  from  dues $  831  44 

"          "     sale  of  publications 22  50 

"           "       "    '*   stationery 1  55 

"           "     advertisements 30  00 

"     Security  Savings  Bank  (interest) 28 

"           ••     Life  Membership  Fund  (loan) 500  00 

' "             "      (interest) 63  58 

"  "     Donohoe  Comet- Medal  Fund  (engraving  four  medals, 

Nos.  36  to  39) 4  00     M53  35 

$1,488  44 
Expenditures. 

For  publications:  printing $744  55 

"  "  illustrations $62  57 

Less  payment  by  Lick  Observatory 10  00       52  57 

Stationery  and  printing 

Postages 

Rent 

Salary  Secretary-Treasurer 180  00 

Expressages 

Janitor  and  elevator 

Gas 

Taxes 

Insurance  premiums 

Telegrams  and  telephoning 

Lantern  at  two  lectures 

Engrossing  resolutions  and  diplomas 

Dry  plates 

Engraving  two  comet  medals  (Nos.  38  and  39) 

Bank  exchanges 


1797  12 

9685 

68  23 

180  00 

180  00 

17  98 

625 

«5 

2  45 

22  45 

3  05 

■17  00 

20  00 

2  25 

2  00 

77  1.417  25 

Cash  Balance,  March  30,  1901 $71  19 


LIFE  MEMBERSHIP  FUND. 

Cash  Balance,  April  1, 1900 $2,103  95 

Interest  for  1900 63  58 

$2,167  53 

Less  transfer  to  General  Fund  (interest) $63  58 

11        "        "           "      (loan) 500  00       563  58 

Cash  Balance,  March  30,  1901 $1,603  95 


DONOHOE   COMET- MEDAL    FUND. 

Cash  Balance,  April  1,  1900 $665  69 

Interest  for  1900 22  44 

$688  13 
Less  transfer  to  General  Fund  (engraving  four  medals,  Nos.  36  to  39) 4  00 

Cash  Balance,  March  30,  1901 $684  13 
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BRUCE  MEDAL  FUND. 

Cash  Balance,  April  i,  2900 &500  00 

Interest  for  1900 *77  97 

Cash  Balance,  March  30, 1901 $2,577  97 

ALEXANDER  MONTGOMERY  LIBRARY  FUND. 

Cash  Balance,  April  1, 1900  .' $1,523  n 

Interest  far  2900 50  55 

$i,573  66 

Less  expenditures:  Hicks-Judd  Co.,  for  binding $13  15 

Physical  Review  and  American  Mathematical  Soc*y.     8  60 

Vxerteljahres Schrtft '.  .  .  63 

Popular  Astronomy,  subscription  (Vols.  8  and  9)   .  .      5  00 
Observatory  (14  numbers) 3  02        30  40 

Cash  Balance,  March  30, 1901 $i>543  *6 

FUNDS. 

Balances  on  Deposit  as  follows: 
General  Fund: 

with  Dooohoe-Kelly  Banking  Co $61  15 

"    Security  Savings  Bank 10  04   • 

$71  19 

Life  Membership  Fund: 

with  San  Francisco  Savings  Union $553  95 

44    German  Savings  and  Loan  Society 45©  «> 

"    Hibernia  Savings  and  Loan  Society 600  00 

$1,603  95 

Donoboe  Comet-Medal  Fund: 

with  San  Franciscbltevings  Union $225  98 

"    German  Savings  ana  Loan  Society 223  75 

"    Hibernia  Savings  and  Loan  Society 234  40 

$684  23 

Alexander  Montgomery  Library  Fund: 

with  San  Francisco  Savings  Union $489  90 

"    German  Savings  and  Loan  Society 430  28 

44    Hibernia  Savings  and  Loan  Society 623  28 

$x,543  *6 

Bruce  Medal  Fund: 

with  San  Francisco  Savings  Union $1,287  82 

"    Security  Savings  Bank 643  90 

"    German  Savings  and  Loan  Society 646  26 

$2,577  97 

$6,480  50 
San  Francisco,  March  30, 1901.  %  - 

F.  R.  ZIEL,  Treasurer. 
Examined  and  found  correct. 

F^U^SSSS^  i  Auditing  Committee. 

The  Committee  appointed  to  audit  the  Treasurer's  accounts  reported 
as  follows,  and  the  report  was,  on  motion,  accepted  and  adopted: — 

To  the  President  and  Members  of  the  Astronomical  Society  of  the  Pacific : 

Gentlemen  — Your  committee  appointed  to  audit  the  accounts  of  the  Treasurer  for 
the  fiscal  year  ending  March  30,  1901,  have  made  a  careful  examination,  and  find  same  to 
be  correct.  Yours  respectfully,  w#  H>  Lowdkn, 

March  30, 1901.  F.  H.  McConnell. 

The  Secretary  reported  that  a  bronze  replica  of  the  Emperor-Nicolai- 
Alexandrovich-Medal  has  been  presented  to  the  Society  by  the  Russian 
Astronomical  Society.  The  thanks  of  the  Society  were  returned  to  the 
donors. 

The  following  resolution  was,  on  motion,  adopted: — 

Resolved,  That  all  the  acts  appearing  in  the  minutes  of  the  meetings  of  the  Board  of 
Directors  of  this  Society,  as  having  been  done  by  said  Board  during  the  past  fiscal  year, 
are  here  now,  by  this  Society,  approved  and  confirmed. 

Adjourned. 


Astronomical  Society  of  the  Pacific.  89 

Minutes  of  the  Meeting  of  the  Board  of  Directors, 

held    in    the    Rooms    of    the    Society, 

March  30,  1901,  at  9:30  p.  m. 

The  new  Board  of  Directors  was  called  to  order  by  Mr.  Town  ley. 
A  quorum  was  present.    The  minutes  of  the  last  meeting  were  approved* 

The  business  in  hand  being  the  election  of  officers  and  committees 
for  the  ensuing  year,  the  following  officers  and  committees,  having  received 
a  majority  of  the  votes  cast,  were  duly  elected: — 

President:    Mr.  John  Dolbeer. 
First  Vice-President :    Mr.  S.  D.  Townley. 
Second  Vice-President:  Miss  R.  O'Halloran. 
Third  Vice-President :  Mr.  Chas.  S.  Cushing. 
Secretaries :    Messrs.  C.  D.  Perrine  and  F.  R.  Ziel. 
Treasurer:    Mr.  F.  R.  Ziel. 

Committee  on  the  Cotnet-Medal :  Messrs.  Campbell  (ex-officio)^ 
Pierson,  and  Burckh alter. 

Library  Committee:  Mr.  Townley,  Miss  O'Halloran,  Miss 
Hobe.     Mr.  Townley  was  appointed  Librarian. 

The  President  was  authorized  to  appoint  the  members  of  the  Finance 
Committee,  and  accordingly  made  the  following  selection :  — 

Finance  Committee:    Messrs.  Pierson,  Hill,  Cushing. 

The  Committee  on  Publication  is  composed  of:  Messrs.  R.  G. 
Aitken,  S.  D.  Townley,  J.  D.  Galloway. 

Adjourned. 
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necessary  in  order  to  make  our  hoc*  keepmr  as  simple  as  possible.    Dues  sent  by  mail 
should  he  directed  to  Astronomical  Society  of  the  Pacific,  8x9  Market  Street.  San  Francisco. 
It  Is  intended  that  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
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._ __„ ___ _.  „  __i  Society  shall  receive  _  _^  _  „_  _ 

Publications  for  the  year  in  which  be  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  in  this  matter,  it  is  requested  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  miasms;  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Publication*  of  the  Society  as  sent  to 
them.  Once  each  year  a  title-page  and  content*  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  States  can  obtain  books  from  the  Society's  library 
by  sending  his  library  card  with  ten  cents  in  stamps  to  t  he  Secretary  A.  S.  P.,  819  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  are 
printed  in  the  Publications  is  decided  simply  by  convenience.  In  a  general  way,  those 
p-«pers  are  printed  first  which  are  earliest  accepted  for  publication.  It  is  not  possible  to 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  tor  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  will 
send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows:  a  block  of  letter  paper,  40  cents;  of  note  paper,  25  cents; 
a  package  of  envelopes,  25  cents.  These  prices  include  postage,  and  should  be  remitted 
by  money-order  or  in  U.  S.  postage  stamps.    The  send ings  are  at  the  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  "The  Secretary  Astronomical  Society  of  the  Pacific" 
at  the  rooms  of  the  Society,  8x9  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  etc. 
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Vol.  XIII.         San  Francisco,  California,  June  i,  1901.         No.  79. 
LIGHT  CURVE  OF  NOVA   PERSEI. 


By  Sidney  D.  Townley. 


The  new  star  in  Perseus  was  observed  at  the  Students'  Observ- 
atory on  nearly  every  clear  night  from  February  24th  to  May 
1 2th.  Unfortunately  obstructions  in  the  northwestern  horizon 
made  it  impossible  to  continue  observations  after  the  latter  date. 
It  was  early  noticed  that  the  general  decline  of  the  star's 
brightness  was  interrupted  by  frequent  increases  of  brightness. 
Toward  the  end  of  March  the  results  gave  strong  evidence  of  a 
periodicity  in  the  light  changes,  but  it  was  not  until  the  latter 
part  of  April  that  a  sufficient  number  of  observations  had  been 
obtained  to  warrant  the  announcement  that  Nova  Persei  had 
become  a  variable  star  of  short  period.  On  April  27th  Professor 
Leuschner  sent  the  following  telegram,  in  cipher,  to  the  Harvard 
College  Observatory : — 

"  Maxima  of  Nova  Persei  were  observed  at  Berkeley  by  Townley, 
March  14th,  March  26th,  April  8th,  and  April  23d.  Range,  1.3  magni- 
tudes.   Two,  possibly  three,  secondary  maxima." 

We  were  informed  that  information  to  the  same  effect  had 
already  been  received  at  Harvard  College  Observatory  from  Kiel, 
and  consequendy  this  telegram  was  not  distributed  by  Professor 
Pickering. 

Subsequent  observations  have  shown  that  the  secondary 
maxima  are  probably  of  the  same  magnitude  as  the  others,  thus 
giving  a  period  of  about  4}£  days  from  March  13th  onward. 
No  definite  period  can  as  yet  be  made  out  from  the  small  fluctua- 
tions noticed  previous  to  that  time.  The  observations  made 
subsequent  to  March  13th  are  represented  in  the  accompanying 
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figure;  the  general  decline  in  brightness  having  been  eliminated 
in  the  following  way.  When  the  observations  were  plotted  the 
following  maxima  were  noticed :  — 

March  14,     3m.x  April  23,     4*.  3 

"       26,     3  .7  May     7,     4  .3 

April       8,     4  .1 

The  maximum  of  March  14th  was  first  brought  down  to  that 
of  March  26th  by  adding  0.6  magnitude  to  the  value  for  March 
14th  and  to  each  observation  between  March  14th  and  26th  om.6 
times  the  ratio  of  "  interval  from  date  of  observation  to  March 
26th ' '  and  "  twelve  days."  These  magnitudes  were  then 
increased  by  the  constant  amount  om.4  to  bring  them  to  the  level 
of  the  maximum  of  April  8th.  The  observations  between  March 
26th  and  April  8th  were  increased  by  proportional  parts  of  o"\4 
in  the  same  way  as  above.  Magnitudes  from  April  8th  to  23d 
were  decreased  by  proportional  parts  of  om.  2,  and  all  magni- 
tudes after  April  23d  were  decreased  by  om.2.  Thus  the  five 
maxima  were  all  brought  to  the  same  level,  and  the  plotted  result 
is  seen  in  the  accompanying  figure.  An  inspection  shows  that 
the  observations  are  very  well  represented  by  a  curve  which 
shows  slight  deviations  from  a  symmetrical  curve  of  a  period  of 
about  4.6  days.  Very  few  portions  of  the  curve  have  no  observa- 
tions to  depend  upon.  The  last  six  observations  are  somewhat 
uncertain  on  account  of  the  small  altitude,  twilight,  obstructing 
trees,  etc.  They  seem  to  indicate  that  the  general  decline  at  that 
time  was  much  more  than  om.2  of  a  magnitude.  The  twelve 
periods  of  the  curve  extend  over  54.5  days,  which  gives  4.54 
days  for  the  average  period ;  but  if  the  last  nine  only  are  taken, 
a  period  of  4.61  days  is  obtained.  The  latter  observations 
show  a  tendency  towards  a  lengthening  of  the  period.  The 
information  from  Kiel,  which  was  received  here  about  May  5th, 
reported  a  three-day  period  between  March  20th  and  30th, 
when  observations  here  were  unfortunately  interrupted  by  bad 
weather.  A  month  later,  however,  my  observations  on  ten 
consecutive  days,  April  18th  to  27th,  except  April  24th,  show 
clearly  that  a  three-day  period  did  not  then  exist. 

The  curve  must  not  be  taken  too  literally.  It  is  not  very 
likely  that  all  of  the  maxima  were  of  exactly  the  same  height,  nor 
all  of  the  minima  of  the  same  depth,  as  is  indicated  in  the  curve 
drawn.  The  observations  seem  to  show,  too,  that  some  of  the 
turning-points  are  quite  sharp  and  others  rather  flat,  but    the 
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number  of  observations  at  present  available  would  not  justify  an 
attempt  to  draw  anything  more  than  a  general  curve.  Although 
the  period  of  this  variable  is  short,  still  it  is  not  likely  that  it  will 
show  the  marked  characteristic,  great  regularity,  of  the  two 
classes  of  short-period  variables.  It  will  be  found  rather,  I  think, 
to  behave  like  the  long-period  variables  in  which  exact  uniform- 
ity of  changes  is  always  lacking.  The  second,  third,  fifth,  and 
sixth  maxima;  the  first,  second,  fifth,  and  seventh  minima  have 
but  few  observations  to  support  them,  and  I  should  not  be  sur- 
prised to  see  these  parts  of  the  curve  considerably  modified  when 
other  observations  become  accessible. 

OBSERVATIONS. 

The  observations  were  made  by  the  same  methods  that  I 
have  used  in  previous  variable  star-work,  and  which  are  fully 
explained  in  the  Publications  of  the  Washburn  Observatory,  Vol. 
VI,  Part  3.  Both  of  the  standard  methods  were  used.  After  the 
first  few  nights  the  comparison-stars  employed  were  selected  from 
the  charts  and  catalogues  sent  out  from  the  Georgetown  College 
Observatory.  The  magnitudes  of  the  comparison-stars  have 
been  carefully  investigated.  After  examining  several  sources,  it 
was  decided  to  use  the  magnitudes  given  in  the  later  volumes 
of  the  Harvard  College  Observatory  photometric  work.  It  is 
essential  that  the  magnitudes  adopted  shall  conform  to  some 
definite  system,  and  this  can  be  obtained  better  perhaps  by  taking 
the  results  of  one  investigation  than  by  combining  the  results  of 
several;  at  least  the  latter  method  could  be  made  the  more  effi- 
cient only  by  an  elaborate  discussion,  which  it  did  not  seem 
necessary  to  make  at  this  time.  The  comparison-stars  used  are 
given  in  the  following  table;  the  adopted  magnitudes  having 
been  obtained  from  volumes  44  and  45  of  the  Annals  of  the 
Harvard  College  Observatory.  The  magnitude  of  p  Persei  was 
obtained  from  comparisons  on  March  10th,  nth,  12th,  and  14th. 


COMPARISON  -  STARS. 

Refer- 
ence 
Letter. 

Star. 

Adopted 
Magnitude. 

Refer- 
ence 
Letter. 

Star. 

Adopted 
Magnitude. 

a 

b 

a  Auriga   

0  Orionis    

a  Canis  Minoris  . . 
a  Tauri. 

O.24 
O.3O 
O.46 
I.09 
1-25 

/ 

g 
h 

i 
J 

a  Geminorum 

a  Persei 

1. 6l 
I.85 
2.17 
2.20 

C 
d 

/3  Andromeda 

a  Ursa  Minoris  . . 
y  Cassiopeia 

e 

ft  Geminorum 

2.22 
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Refer- 
ence 

Star. 

Adopted 
Magnitude. 

Refer- 

ence 
Letter. 

Star. 

Adopted 
Magnitude. 

k 

y  Andromeda. 

fi  Persei 

2.26 
2.JO 

2.44 
2.78 
2.83 

2.88 
305 
306 

S 
t 

u 
w 

X 

y 

a' 

p  Persei 

3-4* 
3.90 
4.O4 
4.20 

5- 13 
533 
5-39 
6.48 

I 

v  Persei 

k  Persei 

m 

&  Cassiopeia. 

ft  Cassiopeia. 

C  Persei 

n 

c  Persei 

o 

Flamsieed  32 

Flamsieed  36. . . . 

Flamsieed  30 

B.  D.  +  440  734 

P 
9 

r 

c  Persei 

y  Persei 

8  Persei 

Following  are  the  observations  upon  which  the  foregoing 
results  depend.  The  weights  of  the  individual  observations  have 
been  assigned,  arbitrarily,  after  considering  the  circumstances 
and  conditions  under  which  the  observations  were  made.  The 
chief  factors  which  affect  the  accuracy  of  such  observations  are  : 
distance  between  the  stars  compared;  number  of  steps  estimated, 
or  difference  in  magnitude  of  the  two  comparison-stars  used; 
difference  in  color  of  the  stars.  The  observations  made  by  the 
step-method  have  been  reduced  on  the  assumption  that  one  step 
equals  one  tenth  of  a  magnitude,  which  seems  justified  by  the 
feet  that  in  the  long  series  of  observations  made  at  the  Wash- 
burn Observatory  several  years  ago,  the  value  of  one  step  was 
found  to  be  0.92  of  a  magnitude,  v  stands  for  Nova  Persei.  In 
the  column  headed  "  instrument,"  E  stands  for  naked-eye  obser- 
vations; G  for  field-glasses;  F  for  4.5  centimeter  finder  of  equa- 
torial; S  for  surveyor's  transit;  C  for  15.4  centimeter  Clark 
equatorial. 


OBSERVATIONS. 


Date. 
G.  M.  T. 

Comparisons. 

Nova. 

Wt. 

2 

Weighted. 
Mean. 

Instrument. 

Remaiks. 

1 90 1 

Feb  24.69... 

v  =  b 

ra 
0.35 

m 

E 

ase 

a3-4e 

a2-3i 

0.75 
o-59 
o.73 

2 

.  2 

I 

0.6 

E 
E 
E 

Made  by  R.  A.  Curtiss. 

Feb.  25.69... 

b3i 
a  8-9  e 
v  =  c. 
b6-5  I 
c6d 

0.84 
1. 10 
1.25 
o.73 
0.84 

I 
2 
I 
I 

I 

I.O 

E 
E 
E 
E 
E 

Position  difficult. 
Moon  interferes. 
Moon  interferes. 
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Date. 
G.  M.  T. 

Comparisons. 

Nova. 

Wt 

Weighted. 
Mean. 

Instrument. 

Remarks. 

1 90I 

m 

m 

Feb.  26.77... 

d  3-4  i 

b8i 

e5i 
e4f 

I.47 
I.84 
I.72 
I.78 

2 
I 
2 
2 

1-7 

E 
E 
E 
E 

Feb.  27.63... 

d8-9i 
v  =  g 
d7k 
h4k 

203 

1.85 
X.91 
2.21 

2 

3 

2 
2 

2.0 

E 
E 
E 
E 

Mar.    1.65... 

g7-81 

2.I9 

... 

2.2 

E 

Clouds  prevent  other 
observations. 

Mar.    2.65... 

g4l 
gh 1 k  v  2 1 
i  2  v 

2.O3 
2.IO 
2.40 

2 

4 

1 

2.1 

E 
E 
E 

Mar.    3.67... 

J3P 
1 1-2  r 
g2hiik2l2v 

2  47 
2.41 
2.6o 

1 

1 
3 

2.5 

E 
E 
E 

Mar.    4.65... 

g3r 

g3P 

4n 

2.21 
2.16 
2.44 

1 

1 
1 

2.3 

E 
E 
E 

Mar.    5.65... 

vlj 
m  1  v 
i  1-2  v 

2.26 

244 
2.35 

5 

2 
2 

2.3 

E 
E 
E 

v  as  red  as  d. 

Mar.    6.65... 

V3S 
17s 

3.12 
308 

1 
1 

3.1 

E 
E 

Mar.    8.63... 

14s 

2.74 

... 

2.7 

E 

Mar.  10.75... 

13-4S 
n  2  v 
l7-8p 
I  7  r 

2.69 
2.98 
2.73 
283 

1 
2 
3 
3 

2.*8 

E 
E 
E 
E 

Mar.  11.69... 

1  9s 

VIS 

r  1  v 
P2-3  V 
P4U 

332 
3.32 
3.16 
313 

3  34 

1 
1 

3 

2 
1 

32 

E 
E 
E 
E 
E 

Mar.  12.75... 

p  v  2r 
p  1  u 
q  1-2  v 
16s 

2.87 
3.00 
320 
2.97 

4 
1 

2 
1 

3-0 

E 
E 
E 
E 

Mar.  13.7  ... 

P4U 
r  5-611 
P5t 
r  6-7  t 

334 
360 

339 
3-6o 

2 

3 

2 

3 

3-5 

E 
E 
E 
E 
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Date. 
G.  M.  T. 

Comparisons. 

Nova. 

Wt. 

Weighted. 
Mean. 

Instrument. 

Remarks. 

1 901 

m 

m 

Mar.  14.71... 

r  I  V 
P2  t 
q  I  v 
I7S 

3X6 
3.08 

3.15 
3.08 

3 
3 

2 
1 

E 
E 
E 
E 

0  V 

2.83 

2 

3-1 

E 

Stars  twinkle  badly. 

Mar.  15.77  — 

U  2  t  I  V 

4.14 

... 

4.1 

G 

Mar.  17.71... 

r7t 
rsu 
P7t 
P5U 

3.65 
355 
3.59 
3.46 

3 
3 
3 

2 

3'6 

G 
G 
G 
G 

Mar.  22.74... 

V  w 

4.20 

3 

G 

113X 

t2-3  V 

4  37 
4.15 

2 
2 

4.2 

G 
G 

* 

Mar.  25.65... 

XIV 

5-23 

2 

G 

117-8* 
x  2  y 

5.05 
5.17 

1 
2 

5-2 

G 
G 

Difficult  withheld 
glasses.   -^.  * 

Mar.  26.71... 

V  2  ut 
r  6-711 

377 
370 

2 
1 

3-7 

F&S 
F&S 

Mar.  28.67... 

116-7X 
t7-8x 

475 
4.82 

4V8 

G 
G 

Mar.  29.69... 

usx 

t7x 

459 
4.76 

4.7 

G 
G 

Mar.  31.67... 

U3X 
t4x 

437 
4-39 

44 

G 

G 

Apr.   3.66... 

y3  v 

5  22 
5.66 

3 
1 

5-3 

G 
G 

Difficult  with  field 
glasses. 

Apr.    6  7  ... 

x8z 
V  2  z 

534 
5-19 

3 

2 

G 
G 

v  just  visible  without 
glasses. 

V  z 

533 

3 

53 

G 

Apr.    7.7  ... 

x8z 
vy 

5-34 
533 

5.3 

G 
G 

Apr.   8.70... 

t  I  U  I  V 

412 

4.1 

G 

Apr.   9.67... 

t6-7x 
u  5X 

4  7o 
4-59 

4.6 

G 
G 

Apr.  12.7  ... 

u  2-3  V 

4.29 

43 

G 

Uncertain  on  account 
of  clouds. 

Apr.  13.69... 

t7x 
u  7-8  x 

4.76 
4.85 

4.8 

G 
G 

Apr.  14.67... 

vy 

Z  2  V 

5-33 
559 

2 
1 

5-4 

G 
G 
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Date. 
G.  M.  T. 

Comparisons. 

Nova. 

Wt. 

Weighted. 

Mean. 

Instrument. 

Remarks. 

1 90I 

m 

m 

Apr.  18.67... 

U5* 
t4X 

4.59 
4.38 

I 

I 

4  5 

F 
F 

Apr.  19.67... 

vz 

y  2  v 

5-39 
5-53 

3 

2 

5.4 

G 
G 

Apr.  20.67... 

z  2  V 

5-59 

... 

56 

G 

Apr.  21.67... 

vz 
y  2  a/ 
y2-3v 

5.39 

5'56o 
558 

2 
1 
1 

5-5 

F 
F 
F 

Apr.  22.68... 

v  I  X 

u8x 

503 
4.91 

3 

2 

5-0 

F&C 
F&C 

Apr.  2367... 

t3* 

U  2  X 

4.27 
4.26 

1 

1 

4-3 

F&C 
F&C 

Apr.  25.68... 

y  2  a' 
Z2-3  V 

5  56 
5-64 

1 
1 

5*.*6 

F&C 
F&C 

Apr.  26.67... 

y  3-4  a' 

z  2  V 

5-73 
5-59 

2 
3 

5* 

F&C 
F&C 

Apr.  27.67... 

t3~2X 
U  2  X 
U  2  V 

4.21 
426 

4.24 

1 
1 

1 

4.2 

GF&C 
GF&C 
GF&C 

May    1.67 ... 

vx 

513 

5i 

F&C 

May   2.68... 

t  5X 
U4X 

451 
4  48 

1 

1 

4-5 

F&C 
F&C 

May   4.68... 

y  7a/ 
*3-4v 

6.14 
5-74 

1 

1 

5-9 

F&C 
F&C 

Seeing  poor. 

May   768... 

t3* 

U2-3X 

4.27 
4.26 

I 
1 

4-3 

F 
F 

May   8.68... 

X5Y 

5.23 

5-2 

F&C 

May   9.68... 

y7*/ 

6.14 

... 

6.1 

F&C 

Difficult— low  altitude; 

May  11.68... 

y5*/ 

590 

59 

F&C 

Very  uncertain. 

May  12.68... 

vy 

533 

5.3 

F&C 

Very  uncertain. 

Note. — Since  the  above  was  written  I  have  received  through  the 
courtesy  of  Director  Campbell,  of  the  Lick  Observatory,  the  results  of 
a  very  complete  series  of  observations  made  by  Mr.  Aitkbn.  Bulletin 
No.  17  of  the  Yerkes  Observatory,  containing  Mr.  Parkhurst's  obser- 
vations, and  No.  6,  Vol.  LXI,  Monthly  Notices  of  Royal  Astronomical 
Society \  containing  observations  by  the  Oxford  observers,  have  been 
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received  also.  These  observations  have  been  plotted,  and  in  general 
confirm  the  curve  from  March  20th  on,  strengthening  many  of  its  weak 
points.  The  eighth  and  eleventh  maxima  and  the  twelfth  minimum  are 
the  only  ones  which  are  not  strengthened  by  additional  observations. 
Between  March  10th  and  16th,  however,  the  observations  do  not  support 
the  curve  as  drawn.  They  show  either  a  period  of  about  one  day,  or 
else  some  large  errors  of  observation.  My  observation  of  April  3d, 
which  falls  considerably  from  the  curve,  is  confirmed  by  one  made  by 
Mr.  Park  hurst  showing  that  the  minimum  was  delayed  about  a  day. 

These  additional  observations  show,  as  I  expected  they  would,  that 
the  actual  curve  is  considerably  more  irregular  than  the  one  drawn. 

Mr.  Aitken's  observations,  which  extend  to  May  19th,  give  two 
additional  maxima,  May  13.5  and  about  May  18.5,  the  last  on  the  curve  of 
the  accompanying  figure  being  May  7.7,  G.  M.  T.  This  shows  almost  con- 
clusively, what  was  previously  suspected,  that  the  period  is  lengthening. 

A  preliminary  investigation  of  all  the  data  available  leads  to  the 
following  conclusions : — 

1.  From  February  24th  to  March  19th  the  brightness  of  the  star 
decreased  in  an  irregular  way  about  three  magnitudes,  but  there  is  strong 
evidence  of  a  gradually  lengthening  period  throughout  this  time.  A 
period  of  about  a  day  from  March  10th  to  15th  seems  almost  certain. 

2.  From  March  20th  to  May  19th  there  was  a  very  slight  general 
decline  in  brightness,  but  a  well-marked  period,  which  gradually  length- 
ened from  three  and  a  half  to  ^^  days.  The  range  between  maxima 
and  minima  has  an  average  value  of  about  1.5  magnitudes. 

A  modification  of  the  tide  theory  offers  an  explanation  of  the  phe- 
nomena observed  in  Nova  Persei.  Suppose  a  near  approach  between 
two  bodies  occurs ;  one  a  body  of  large  mass,  which  has  cooled  so  that 
a  thin  crust  has  been  formed,  making  the  body  non-luminous,  a  condition 
in  which  it  is  thought  our  Sun  will  be  about  20,000,000  years  hence;  the 
other  a  body  of  small  mass  and  solid,  like  the  Moon,  for  example.  Let 
the  directions  and  velocities  of  motion  of  these  two  bodies  be  such  that 
a  very  close  approach,  not  a  collision,  takes  place.  Suppose  the  masses 
of  the  bodies  are  such  that  the  larger  is  not  sensibly  disturbed  in  its 
motion,  but  that  the  smaller  is  profoundly  disturbed.  Its  orbit  will  be 
changed  from  a  straight  line  to  a  parabola,  an  hyperbola,  or  a  very  elon- 
gated ellipse,  depending  upon  the  initial  velocity.  At  a  very  near 
approach  of  the  two  bodies  the  smaller  will  be  swept  rapidly  around  the 
larger,  like  a  comet  around  the  Sun ;  the  attraction  of  the  smaller  may 
be  sufficient  to  burst  the  crust  of  the  larger  and  produce  a  sudden  out- 
burst of  the  heated  matter  within.  As  the  smaller  body  moves  rapidly 
around  the  larger,  this  rent  in  the  crust  will  be  carried  forward  and  the 
light  of  the  star  will  increase  rapidly,  and  a  tremendous  tidal-wave  will 
have  been  set  up.  As  the  smaller  body  moves  away  from  the  larger,  the 
tidal- wave  will  continue  to  move,  sweeping  away  the  accumulated  vapors, 
thus  producing  a  maximum  of  brightness  at  each  return  of  the  wave  to  the 
line  of  sight  of  the  observer.  On  account  of  internal  friction,  however, 
the  velocity  of  propagation  of  this  wave  will  continually  decrease  and 
the  period  of  fluctuation  in  brightness  will  gradually  increase,  and  the 
star  will  finally  settle  down  to  its  former  state. 

This  explanation  is  offered  tentatively.  I  hope  soon  to  thoroughly 
investigate  the  suggestions  here  made. 
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A  REVIEW  OF  THE  "CHAPTERS  ON  THE  STARS" 

BY   PROFESSOR  SIMON  NEWCOMB,    IN  THE 

POPULAR   SCIENCE  MONTHLY, 

JULY,  1900,— MARCH,   1901. 


By  J.  D.  Galloway. 


In  the  Popular  Science  Monthly  for  March  of  this  year,  there 
is  concluded  a  notable  contribution  to  the  literature  of  popular 
astronomy  in  the  "  Chapters  on  the  Stars  "  by  Professor  Simon 
Newcomb.  Professor  Newcomb  has  reviewed  the  entire  field  of 
our  knowledge  of  the  stars,  and  has  presented  the  subject  with  the 
least  use  of  technical  terms  and  demonstrations  possible,  in  order 
to  conform  to  the  general  character  of  the  magazine  in  which  the 
articles  appeared.  This  has  not,  however,  prevented  him  from 
dealing  with  the  subject  in  the  clear  and  lucid  manner  which 
characterizes  his  other  works  on  similar  subjects. 

Beginning  with  the  statements  as  to  our  knowledge  of  the 
southern  heavens  some  thirty  years  ago,  he  traces  the  historical 
development  of  that  work,  referring  especially  to  the  history  of 
Cordoba  Observatory  in  the  Argentine  Republic,  under  Gould, 
that  of  the  Royal  Observatory  at  the  Cape  of  Good  Hope,  under 
Gill,  and  of  the  Observatory  of  Harvard  University  at  Are- 
quipa,  Peru. 

The  development  of  the  spectroscope  is  then  referred  to  with 
the  advancement  made  in  the  measurement  of  star-motions  in  the 
line  of  sight,  originating  with  Sir  William  Huggins  and  now 
being  so  successfully  carried  on  by  Campbell.  Following  this, 
is  a  short  discussion  of  the  comparative  dimensions  of  the  solar 
system  and  its  position  among  the  stars. 

MAGNITUDES  OF  THE  STARS. 

The  second  chapter  deals  with  the  magnitudes  of  the  stars. 
A  description  of  the  photographic  and  photometric  systems  of 
measurement  is  given  and  the  difficulties  of  both  are  mentioned. 
The  magnitude  of  the  Sun,  based  on  the  results  of  Wollaston, 
Bond,  and  Zollner  is  —  26.4,  from  which  it  results  that  the 
Sun  gives  us  10,000,000,000  times  the  light  of  Sirius,  the  brightest 
star,  and  91,000,000,000  the  light  of  a  star  of  magnitude  one. 
To  make  our  Sun  shine  with  the  intensity  of  the  light  of  Sirius, 
h  would  be  necessary  to  remove  it  to  a  point  100,000  times  its 
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present  distance'  from   us.     A    conclusion    drawn    from   these 
researches  is  that  our  Sun  is  smaller  than  the  brighter  of  the  stars. 

CONSTELLATIONS   AND   STAR-NAMES. 

The  subject  of  the  constellations  and  the  names  of  the  stars 
receives  considerable  attention.  Of  the  constellations,  the  astro- 
nomical world  now  recognizes  eighty-nine,  four  being  counted  in 
the  subdivided  constellation  of  Argo  as  arranged  by  Dr.  Gould. 
Considerable  confusion  still  exists  as  to  the  boundaries  of  the 
constellations  and  the  names  of  some  of  the  stars  in  them.  The 
method  Bayer  originated  in  1601,  which  gives  stars  the  names 
of  the  letters  in  the  Greek  alphabet,  is  followed. 

cataloguing  and  numbering  the  stars. 
A  description  of  the  method  of  locating  the  position  ol  stars 
by  Declination  and  Right  Ascension  is  given,  together  with  an 
historical  review  of  the  efforts  to  catalogue  the  stars.  Ptolemy, 
who  lived  A.  D.  150,  made  a  catalogue  of  1,030  stars,  but  the 
roughness  of  his  instruments  introduced  considerable  error  into 
the  results.  The  catalogue  of  Argelander  and  Schonfeld, 
extending  to  220  of  South  Declination,  enumerates  310,000 
stars,  while  the  work  as  continued  at  the  Cordoba  Observa- 
tory from  this  point  to  420  South  Declination  gives  340,000 
more.  The  entire  work  would  give  more  than  800,000.  Photo- 
graphic catalogues  of  the  southern  heavens  have  been  made  by 
Gill,  but  the  work  of  making  a  photographic  map  of  the  entire 
heavens  is  now  being  carried  out  as  an  international  enterprise, 
with  headquarters  at  Paris,  instruments  of  a  uniform  plan  being 
made  for  the  purpose.  For  the  number  of  lucid  stars,  Picker- 
ing gives  5,333,  while  Schiaparelli  counts  4,303.  If  the 
results  of  the  Durchmusterung  of  Cordoba  Observatory  be 
extended  to  the  entire  sky,  the  number  of  stars  down  to  the  tenth 
magnitude  is  2,311,000;  but  this  is  open  to  doubt.  The  inter- 
national photographic  chart  must  be  completed  before  a  correct 
estimate  of  the  number  of  stars  can  be  made. 

the  spectra  of  the  stars. 
One  of  the  principal  branches  of  modern  astronomy  is  that  of 
spectroscopy,  and  considerable  space  is  devoted  to  an  explana- 
tion of  the  principles  underlying  the  spectroscope.  Plates  of  the 
spectra  of  some  of  the  larger  stars  accompany  the  text,  and  the 
chapter  closes  with  the  statement  that 
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"the  most  interesting  conclusion  drawn  from  observations  with  the 
spectroscope  is  that  the  stars  are  composed,  in  the  main,  of  elements 
similar  to  those  found  in  our  Sun.  As  the  latter  contains  most  of  the 
elements  found  on  the  Earth,  and  few  or  none  not  found  there,  we  may 
say  that  Earth  and  stars  seem  to  be  all  made  out  of  like  matter.  It  is, 
however,  not  yet  easy  to  say  that  no  elements  unknown  on  the  Earth 
exist  in  the  heavens.  It  would  scarcely  be  safe  to  assume  that,  because 
the  line  of  some  terrestrial  substance  is  found  in  the  spectrum  of  a  star, 
it  is  produced  by  that  substance.  It  is  quite  possible  that  an  unknown 
substance  might  show  a  line  in  appreciably  the  same  position  as  that  of 
some  substance  known  to  us.  The  evidence  becomes  conclusive  only  in 
the  case  of  those  elements  of  which  the  spectral  lines  are  so  numerous 
that  when  they  all  coincide  with  lines  given  by  a  star,  there  can  be  no 
doubt  of  the  identity." 

PROPER  MOTION  OF  THE  STARS. 

The  question  as  to  the  motion  of  the  stars  is  answered  by 
Professor  Newcomb  in  the  affirmative.  In  the  chapter  on  the 
proper  motion  of  the  stars,  he  says: — 

"  We  may  assume  that  the  stars  are  all  in  motion.  It  is  true  that  only 
a  comparatively  small  number  of  stars  have  been  actually  seen  to  be  in 
motion;  but  as  some  motion  exists  in  nearly  every  case  where  observa- 
tions would  permit  of  its  being  determined,  we  may  assume  the  rule  to  be 
universal." 

Yet  this  motion  is  very  slight,  and 

"  If  Hipparchus  or  Ptolemy  should  rise  from  his  sleep  of  2,000 
years  —  nay,  if  the  earliest  priests  of  Babylon  should  come  to  life  again 
and  view  the  heavens,  they  would  not  perceive  any  change  to  have  taken 
place  in  the  relative  positions  of  the  stars." 

Yet  the  actual  motions,  as  compared  with  terrestrial  standards 
are  very  rapid.  Arcturus  moves  from  200  to  300  miles  a  second, 
and  the  variation  in  its  position  can  be  noted  in  a  few  days,  such 
are  the  refinements  of  modern  instruments.  Most  of  the  star- 
motions  are  slower  than  this,  ranging  "from  an  imperceptible 
quantity  up  to  5,  10,  or  20  miles  a  second." 

The  star  of  greatest  known  proper  motion  was  discovered  by 
Kapteyn,  of  Groningen,  in  1897,  co-operating  with  Gill  and 
Innes,  of  the  Cape  Observatory.     Rapid  though  its  motion  is, 

"  it  would  require  nearly  150,000  years  for  the  star  to  make  a  complete 
circuit  of  the  heavens,  if  it  moved  around  the  Sun  uniformly  at  its  present 
rate." 

Groups  of  stars  move  together  as  one  system,  the  Pleiades 
being  an  example,  they  having  been 

"  found  to  move  together  with  such  exactness  that  up  to  the  present  time 
no  difference  in  their  proper  motion  has  been  detected." 
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Of  motions  in  the  line  of  sight,  or  radial  motions,  Professor 
Newcomb  says: — 

"No  achievement  of  modern  science  is  more  remarkable  than  the 
measurement  of  the  velocity  with  which  the  stars  are  moving  to  or 
from  us." 

This  result  is  obtained  by  the  measurement  of  the  minute 
difference  in  position  of  a  given  line  in  the  spectrum  of  a  moving 
star,  as  compared  with  the  position  of  the  same  line  in  the  spec- 
trum formed  by  the  same  substance  rendered  incandescent  in  the 
tube  of  the  telescope.  This  method  of  measurement  was  put  in 
practice  by  Sir  William  Huggins,  and  some  of  the  best  work  is 
now  being  done  by  Professor  Campbell  at  the  Lick  Observatory 
with  the  Mills  spectrograph. 

A  study  of  the  motions  of  the  stars  by  these  methods  has  led 
to  the  discovery  of  the  motion  of  the  solar  system,  which  is  stated 
by  Professor  Newcomb  thus: — 

"The  apex  of  the  solar  motion  is  in  the  general  direction  of  the  con- 
stellation Lyra,  and  probably  very  near  the  star  Vega,  the  brightest  of 
that  constellation." 

While  the  data  as  to  the  rate  of  the  Sun's  motion  is  meager, 
only  some  fifty  stars  having  been  observed,  yet  Kapteyn 

"  has  derived  results  which  seem  to  show  that  the  actual  velocity  of  the 
solar  system  through  space  is  sixteen  kilometers,  or  ten  miles,  per 
second. n 

variable  stars. 

The  fact  that  some  of  the  stars  vary  in  brightness  was  known 
as  early  as  1596,  but  it  was  only  in  the  early  part  of  the  nineteenth 
century  that  Argelandpr  reduced  the  study  of  the  variable 
stars  to  a  system.  According  to  Chandler's  catalogue,  there 
are  280  of  these  objects  which  have  been  fairly  well  made  out. 
The  * '  new  stars  ' '  which  blaze  out  and  then  fade  away  are  not 
included  in  the  term  * '  variable  stars, ' '  but  those  which  go  through 
a  regular  cycle  of  change  in  a  definite  interval  of  time.  But  even 
in  periodic  stars,  the  period  is  more  or  less  variable. 

"The  periodic  stars  show  wide  differences,  both  in  the  length  of  the 
period  and  in  the  character  of  the  changes  they  undergo.  In  most  cases 
they  rapidly  increase  in  brightness  during  a  few  days  or  weeks,  and  then 
slowly  fade  away,  to  go  through  the  same  changes  again  at  the  end  of 
the  period.  In  other  cases  they  blaze  up  or  fade  out,  from  time  to  time, 
like  the  revolving  light  of  a  lighthouse.  Some  stars  are  distinguished 
more  especially  by  their  maximum,  or  period  of  greatest  brightness, 
while  others  are  more  sharply  marked  bv  minima,  or  periods  of  least 
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brightness.  In  some  cases  there  are  two  unequal  minima  in  the  course 
of  a  period." 

Three  stars  which  may  be  seen  by  the  naked  eye  illustrate  the 
three  general  types  of  variable  stars,  o  Ceti%  called  also  Mira  Celt, 
P  Persei,  or  Algol,  and  fi  Lyra. 

As  to  the  first,  o  Ceti%  its  variations  are  quite  irregular. 
Sometimes,  when  at  its  brightest,  it  rises  nearly  or  quite  to 
the  second  magnitude.  At  other  times  its  maximum  bright- 
ness scarcely  exceeds  the  fifth  magnitude.  No  law  has  been 
discovered  by  which  it  can  be  predicted  whether  it  shall  attain 
one  degree  of  brightness  or  another  at  maximum.  Its  minima 
are  also  variable.  Sometimes  it  sinks  only  to  the  eighth  magni- 
tude; at  other  times  to  the  ninth  or  lower.  As  with  other  stars 
of  this  kind,  it  brightens  up  more  rapidly  than  it  fades  away. 
The  period  also  varies  in  an  irregular  way.  As  to  the  cause  of 
variation, 

"  the  most  plausible  view  seems  to  be  that  changes  of  a  periodic  character, 
involving  the  irruption  of  heated  matter  from  the  interior  of  the  body  to 
its  surface,  followed  by  the  cooling  of  this  matter  by  radiation,  are  going 
on  in  the  star." 

The  star  Algol,  or  fi  Persei,  is  a  type  of  the  second  class  of 
variables.     It  is  nearly  of  the  second  magnitude,  but 

"  at  intervals  of  somewhat  less  than  three  days,  it  fades  away  to  nearly 
the  fourth  magnitude  for  a  few  hours  and  then  slowly  recovers  its  light.' 

The  generally  accepted  explanation  of  the  variation  is  that 
the  star  is  double,  the  companion  being  dark  and  of  somewhat 
lesser  size  than  the  bright  one. 

The  star  flLyra  illustrates  the  third  general  class  of  variables. 
It  varies  nearly  a  degree  in  brightness,  but  the  rate  of  variation, 
unlike  Algol,  is  uniform.  Its  period  is  thirteen  days,  but  there 
are  two  waves  of  maxima  and  minima,  one  maximum  being 
brighter  than  the  other.  According  to  Professor  G.  W.  Meyers, 
of  Indiana, — 

"  Beta  Lyres  consists  of  two  bodies,  gaseous  in  their  nature,  which 
revolve  around  each  other,  so  as  to  be  almost  touching.  They  are  of 
unequal  size.  Both  are  self-luminous.  By  their  mutual  attraction,  they 
are  drawn  into  ellipsoids.  The  smaller  body  is  darker  than  the  other. 
When  we  see  the  two  bodies  laterally,  they  are  at  their  brightest.  As 
they  revolve,  we  see  them  more  and  more  end  on,  and  thus  the  light 
diminishes.  At  a  certain  point  one  begins  to  cover  the  other  and  hide 
its  light  Thus  the  combined  light  continues  to  diminish,  until  the  two 
bodies  move  across  our  line  of  sight.    Then  we  have  a  minimum.    At 
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one  minimum,  however,  the  smaller  and  darker  of  the  two  bodies  is 
projected  upon  the  brighter  one,  and  thus  diminishes  its  light.  At  the 
other  minimum,  it  is  hiding  behind  the  other,  and  therefore  we  see  the 
light  of  the  larger  one  alone." 

Variable  stars  exist  having  some  of  the  characteristics  of  each 
of  these  three  types,  so  that  no  well-defined  system  of  classes  can 
be  established. 

THE   DISTANCE  OF  THE  STARS. 

The  distance  of  the  Earth  from  the  stars  has  always  been  a 
subject  of  much  interest  to  mankind.  As  the  stars  remain  fixed 
in  direction  to  all  ordinary  observation,  the  conclusion  has  been 
drawn  that  the  Earth  was  fixed  in  space.  The  absence  of  any 
swing  deceived  Ptolemy,  and  was  advanced  as  an  argument 
against  the  Copernican  system.  Modern  instruments  and  methods 
have  at  last  detected  the  swing  and  measured  it.  Professor 
Newcomb  enters  into  a  detailed  explanation  of  parallax  and  the 
history  of  the  measurements.  Several  methods  of  measurement 
are  used,  and  stars  with  a  large  proper  motion  are  generally 
selected.  The  base  line  of  such  a  measurement  is  the  diameter 
of  the  Earth's  orbit;  about  184,000,000  miles.  Yet  with  this 
enormous  distance,  it  is  possible  to  measure  the  parallax,  or 
difference  in  direction,  of  but  few  stars.  Some  sixty-two  have 
been  measured,  and  many  have  been  found  to  be  without  sensible 
parallax;  in  other  words,  the  star  seen  from  the  two  extremities 
of  the  Earth's  orbit,  appears  to  be  in  exactly  the  same  direction. 
The  actual  distance  is  far  beyond  human  conception,  but  it  may 
be  stated  that  the  star  a  Centauri,  with  a  parallax  of  nearly  one 
second,  is  distant  from  us  more  than  two  hundred  thousand  times 
the  distance  of  the  Earth  from  the  Sun. 

BINARY   AND    MULTIPLE   SYSTEMS. 

Sir  William  Herschel  was  the  first  to  notice  that  many 
stars  which  to  the  unaided  vision  seemed  single  were  really  com- 
posed of  two  stars  in  close  proximity  to  each  other.  To  these 
the  general  term  of  "double  stars"  is  given.  Only  those  stars 
which  are  really  double  are  considered,  those  which  are  optically 
double  being  of  no  particular  interest.  Regarding  the  number 
of  such  stars,  Professor  Newcomb  says: — 

14  With  every  increase  of  telescopic  power  so  many  closer  and  closer 
pairs  are  found  that  we  cannot  set  any  limit  to  the  number  of  stars  that 
may  have  companions,"  and  "no  estimate  can  be  made  of  the  actual 
number  of  double  stars  in  the  heavens." 
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"The  great  interest  which  attaches  to  double  stars  arises  from  the 
proof  which  they  afford  that  the  law  of  gravitation  extends  to  the  stars." 

Where  two  stars  revolve  around  a  common  center  of  gravity 
the  term  " binary  system"  is  applied  to  them;  yet  there  are 
systems  where  three  or  four  stars  form  a  system. 

"  The  times  of  revolution  of  the  binary  systems  are  so  long  that  there 
are  only  about  fifty  cases  in  which  it  has  been  determined  with  any  cer- 
tainty.' ' 

The  shortest  period  is  about  eleven  years.  * 

"  In  the  large  majority  either  no  motion  at  all  has  been  detected  or 
it  is  so  slow  as  to  indicate  that  the  period  must  be  several  centuries,  per- 
haps several  thousand  years." 

Such  a  star  is  Castor,  or  a  Geminorum.  Professor  See  gives 
twenty-eight  periods  of  less  than  one  hundred  years. 

SPECTROSCOPIC    BINARY   SYSTEMS. 

In  addition  to  the  binary  systems  discovered  by  the  telescopes, 
the  spectroscope  has  proved  the  existence  of  another  class  of 
double  stars,  usually  termed  " spectroscopic  binary  systems." 
Of  these  Professor  Newcomb  says  that 

"  Among  the  many  striking  results  of  recent  astronomical  research, 
it  would  be  difficult  to  name  any  more  epoch-making  than  the  discovery 
that  great  numbers  of  the  stars  have  invisible  dark  bodies  revolving 
round  them  of  a  mass  comparable  with  their  own." 

The  presence  of  the  dark  companion  is  detected  by  the 
displacement  of  the  lines  of  the  spectrum  of  the  bright  star. 
In  the  case  of  the  two  stars  of  a  binary  system  revolving 
around  a  center  of  gravity,  the  effect  produced  is  as  if  the 
bright  body  alternately  advanced  and  receded.  This  would 
result  in  a  displacement  of  the  spectral  lines,  first  to  one  side  and 
then  to  the  other,  of  the  normal  position  of  the  body  at  rest. 
The  spectroscopic  binary  systems  are  very  close  as  regards  the 
distance  between  the  components,  and  a  gap  exists  between  them 
and  the  telescopic  binary  systems,  which  is  being  filled  as  our 
telescopes  increase  in  power. 

"  We  naturally  infer  that  there  is  no  limit  to  the  proximity  of  the 
pairs  of  stars  of  such  systems,  and  that  innumerable  stars  may  have 
satellites,  planets,  or  companion  stars  so  close  or  so  faint  as  to  elude  our 
powers  of  observation." 


•See,  however,  Professor  Hussby's  orbit  of  I  EquuUiXn  No.  76  of  these  Publications. 
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STAR   CLUSTERS. 

Other  interesting  features  of  the  heavens  are  the  star  clusters. 
Faint  patches  of  light  as  seen  by  the  eye  are  resolved  by  the  tele- 
scope into  masses  of  bright  stars. 

"  In  many  cases  the  central  portions  of  these  objects  are  so  condensed 
that  they  cannot  be  visually  resolved  into  their  separate  stars,  even  with 
the  most  powerful  telescopes."  "  The  most  remarkable  and  suggestive 
feature  of  the  principal  clusters  is  the  number  of  variable  stars  which 
they  contain.  The  richest  in  variables  is  Messier  j,  in  which  one  variable 
has  been  detected  among  every  seven  stars.  .  .  .  Very  remarkable, 
at  least  in  the  case  of  -  Centauri>  is  the  shortness  of  the  period  of  the 
variables.  Out  of  one  hundred  and  twenty-five  found,  ninety-eight  have 
periods  less  than  twenty-four  hours,  .  .  .  the  range  in  brightness  being 
two  magnitudes." 

"  Perhaps  the  most  important  problem  connected  with  clusters  is  the 
mutual  gravitation  of  their  component  stars.  Where  thousands  of  stars 
are  condensed  into  a  space  so  small,  what  prevents  them  from  all  falling 
together  into  one  confused  mass  ?  Are  they  really  doing  so,  and  will 
they  ultimately  form  a  single  body  ?  These  are  questions  which  can  be 
satisfactorily  answered  only  by  centuries  of  observation;  they  must, 
therefore,  be  left  to  the  astronomers  of  the  future." 

NEBULjE. 

The  nebulae,  which  exist  in  different  parts  of  the  sky,  form 
another  very  impressive  subject  for  study.  Some  few,  as  the 
Great  Nebula  in  Orion,  may  be  seen  by  the  naked  eye.  They 
are  of  many  forms,  but  in  a  majority  the  spiral  shape  has  been 
found.  Some  are  in  the  form  of  rings,  as  the  one  in  Lyra. 
Others  seem  to  be  scattered  in  space  without  form,  the  nebulous 
mass  in  Cygnus  being  an  example.  Others  have  the  form  of 
discs,  and  are  called  "planetary  nebulae." 

"  It  is  impossible  to  estimate  the  number  of  nebuke  in  the  heavens. 
.  .  .  Keeler  estimated  the  whole  number  to  be  several  hundred  thou- 
sand ...  A  curious  fact  connected  with  the  distribution  of  nebulae  over 
the  sky  is  that  it  is,  in  a  certain  sense,  the  reverse  of  the  stars.  The  latter 
are  vastly  more  numerous  in  the  regions  near  the  Milky  Way  and  fewer 
in  number  near  the  poles  of  that  belt.  But  the  reverse  is  the  case  with 
the  nebulae  proper.  .  .  .  Perhaps  the  most  obvious  suggestion  would  be 
that  in  these  two  opposite  nebulous  regions  the  nebulae  have  not  yet 
condensed  into  stars.  This,  however,  would  be  a  purely  speculative 
explanation." 

1 '  The  most  interesting  question  connected  with  these  objects  is  that 
of  their  physical  constitution.  Huggins  and  Secchi  found  inde- 
pendently that  the  light  of  the  Great  Nebula  in  Orion  formed  a  spectrum 
of  bright  lines,  thus  showing  the  object  to  be  gaseous." 
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*'  This  was  soon  found  to  be  true  of  nebulae  in  general,  that  in  Androm- 
eda being  an  exception,  as  it  gives  a  more  or  less  continous  spectrum." 
"Beyond  the  general  fact  that  the  light  of  a  nebula  does  not  come 
from  solid  matter,  but  from  matter  of  a  gaseous  or  other  attenuated 
form,  we  have  no  certain  knowledge  of  the  physical  constitution  of  these 
bodies." 

The  spectrum  of  a  great  number  shows  a  bright  line  "which 
does  not  correspond  to  the  line  of  any  known  substance.  The 
supposed  matter  which  produces  it  has,  therefore,  been  called 
nebulium."  Another  conclusion  based  on  their  immense  dimen- 
sions is  that  they  are  of  extreme  tenuity. 

MASSES   AND   DENSITIES  OF    THE  STARS. 

Closely  connected  with  the  different  phenomena  to  be  seen  in 
the  heavens  lies  the  question  of  the  size  of  the  stars. 

4 'The  spectroscope  shows  that,  although  the  constitution  of  the  stars 
offers  an  infinite  variety  of  detail,  we  may  say,  in  a  general  way,  that 
these  bodies  are  suns.  It  would  perhaps  be  more  correct  to  say  that  the 
Sun  is  one  of  the  stars  and  does  not  differ  essentially  from  them  in  con- 
stitution. The  problem  of  the  physical  constitution  of  the  Sun  and  stars 
may,  therefore,  be  regarded  as  the  same.  Both  consist  of  vast  masses 
of  incandescent  matter  at  so  exalted  a  temperature  as  to  shine  by  their 
own  light.  All  may  be  regarded  as  bodies  of  the  same  general  nature. 
...  In  a  few  cases  an  approximate  estimate  of  the  density  of  the  stars 
may  be  made." 

These  are  binary  stars  whose  parallax  or  distance  from  us  is 
known. 

"But  there  is  a  remarkable  law  which,  so  far  as  I  know,  was  first 
announced  by  Pickering,  by  virtue  of  which  we  can  determine  a  certain 
relation  between  the  surface  brilliancy  and  the  density  of  a  binary  system 
without  knowing  its  parallax/' 

Here  follows  a  demonstration  which  space  will  not  permit 
following,  but  the  conclusion  arrived  at  is  that 

"the  stars  in  general  are  not  models  of  our  Sun,  but  have  a  much  smaller 
mass  in  proportion  to  the  light  they  give  than  our  Sun  has.  They  must, 
therefore,  have  either  a  less  density  or  a  greater  surface  brilliancy.  .  .  . 
Many  of  them  are  probably  even  less  dense  than  air,  and  in  nearly  all 
cases  the  density  is  far  less  than  that  of  any  known  liquid." 

It  follows  that  at  least  the  brighter  stars  are  masses  of  gas, 
more  or  less  compressed  in  their  interior  by  the  action  of  gravi- 
tation upon  their  more  superficial  parts. 

"  This  conclusion  was  arrived  at,  at  least  in  the  case  of  the  Sun,  from 
different  considerations  before  the  spectroscope  had  taught  us  anything 
of  the  constitution  of  the  bodies. 
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SOURCE  OF    THE  SUN*S   HEAT. 

It  is  accepted  that  for  untold  millions  of  years,  the  Sun  has 
been  radiating  heat  into  space,  and  the  problem  has  been  to 
discover  the  source  of  the  heat.  In  the  time  of  Kant,  New- 
ton, Laplace,  and  Herschel,  no  reason  was  known  why  the 
stars  should  not  shine  on  forever  without  change.  Now  that  heat 
has  been  determined  as  a  form  of  energy,  the  supply  of  which  is 
limited,  it  becomes  a  question  as  to  the  source  of  supply.  If 
the  Sun,  composed,  as  it  is  known  to  be,  of  the  same  material 
as  the  Earth,  kept  on  radiating  its  heat  as  it  does  without  a  source 
of  supply,  it  would  cool  off  at  the  rate  of  from  50  to  io°  a  year. 
The  theory  of  meteors  falling  to  the  Sun  was  advanced,  but  this  has 
been  abandoned  for  the  theory  of  Kelvin  and  Helmholtz,  that 
the  source  of  the  heat  is  the  contraction  of  the  material  of  the 
Sun,  calculated  as  200  feet  a  year,  or  four  miles  in  a  century. 
From  this  it  follows  that  the  Sun  must  be  a  gas,  for 

"  if  solid,  the  exterior  would  rapidly  cool  off,  since  the  heat  would  have  to 
be  conducted  from  the  interior.  Then,  the  loss  of  heat  no  longer  going 
on  at  the  same  rate,  the  contraction  also  would  stop  and  the  generation 
of  heat  to  supply  the  radiation  would  cease.  Even  were  the  Sun  a 
liquid,  currents  of  liquid  matter  could  scarcely  convey  to  the  surface  a 
sufficient  amount  of  heated  matter  to  supply  the  enormous  radiation." 

The  fact  that  the  Sun  remains  gaseous  at  the  extreme  density, 
more  than  that  of  water;  is  explained  by  the  compression  of  the 
interior  by  the  weight  of  the  outside  portions. 

The  theory  developed  by  Ritter  regarding  the  source  of 
heat  being  due  to  the  contraction  of  the  volume  of  the  Sun  has 
for  a  basis  the  paradoxical  law  announced  by  Lane,  that 

' '  When  a  spherical  mass  of  incandescent  gas  contracts  through  the 
loss  of  its  heat  by  radiation  into  space,  its  temperature  continually 
becomes  higher  as  long  as  the  gaseous  condition  is  retained." 

STELLAR    EVOLUTION. 

On  this  is  based  the  theory  of  stellar  evolution.  We  may 
start  with  the  nebulae,  when,  by  some  progressive  change,  they 
began  to  shine.  This  is  the  unsolvable  question :  How  did  they 
begin?  The  gradual  contraction  under  gravity  resulted  in  a 
gaseous  body  of  a  higher  temperature.  It  is  thus  possible  to 
speak  of  the  age  of  a  star,  meaning  periods  measured  by  tens  of 
millions  or  hundreds  of  millions  of  years.  Sir  William  Hug- 
gins  gives  the  series  of  ages  based  on  the  color  of  light  emitted, 
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which  starting  with  bluish-white  at  the  first  stage,  passes  on 
through  white  into  yellow  and  red.     The  series  is  as  follows:— 

Sirius,  a  Lyra.  a  Cygnu 

a  Ursa  Majoris.  Capella  —  The  Sun. 

a  Virginis.  Arcturus. 

a  Aquila.  Aide  bar  (in. 

RigeL  a  Ononis. 

A  question  of  interest  is,  At  what  stage  will  the  temperature 
reach  its  maximum  ?  It  is  impossible  to  give  a  precise  answer, 
but  "it  seems  probable  that  the  highest  temperature  is  reached  in 
about  the  stage  of  our  Sun.M 

While  the  indications  point  to  the  truth  of  this  theory, 

"Yet  there  are  some  unsolved  mysteries  connected  with  the  case, 
which  might  justify  a  waiting  for  further  evidence,  coupled  with  a  certain 
degree  of  skepticism." 

The  nebulae  offer  a  difficulty.  Their  extreme  tenuity  and  their  seem- 
ingly almost  immaterial  structure  appear  inadequate  to  account  for  any 
such  mutual  gravitation  of  their  parts  as  would  result  in  the  generation 
of  the  flood  of  energy  they  are  constantly  radiating.  We  must  therefore 
suggest  at  least  the  possibility  that  all  shining  heavenly  bodies  have 
connected  with  them  some  form  of  energy  of  which  science  can,  as  yet, 
render  no  account." 

STRUCTURE    OF  THE  STELLAR   UNIVERSE. 

From  the  discussion  of  the  origin  of  the  stellar  universe, 
Professor  Newcomb  passes  to  its  structure. 

"The  problem  of  the  structure  and  duration  of  the  universe  is  the 
most  far-reaching  with  which  the  mind  has  to  deal.  Its  solution  may  be 
regarded  as  the  ultimate  object  of  stellar  astronomy.  .  .  .  Although 
we  can  attack  the  problem  to-day  by  scientific  methods,  to  a  limited 
extent,  it  must  be  admitted  that  we  have  scarcely  taken  more  than  the 
first  step  toward  the  actual  solution. 

"  Firstly,  we  may  inquire  as  to  the  extent  of  the  universe  of  stars. 
Are  the  latter  scattered  through  infinite  space,  so  that  those  we  see  are 
merely  that  portion  of  an  infinite  collection  which  happens  to  be  within 
reach  of  our  telescopes,  or  are  all  the  stars  contained  within  a  certain 
limited  space  ?  In  the  latter  case,  have  our  telescopes  yet  penetrated 
to  the  boundary  in  any  direction  ? 

•'  Secondly,  granting  the  universe  to  be  finite,  what  is  the  arrangement 
of  the  stars  in  space?  In  what  sense,  if  any,  can  the  stars  be  said  to 
form  a  permanent  system  ?  Do  the  stars  which  form  the  Milky  Way 
belong  to  a  different  system  from  the  other  stars,  or  are  the  latter  a  part 
of  one  universal  system  ? 

44  Thirdly,  what  is  the  duration  of  the  universe  in  time?  Is  it  fitted 
to  last  forever  in  its  present  form,  or  does  it  contain  within  itself  the 
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seeds  of  dissolution  ?  Must  it,  in  the  course  of  time,  in  we  know  not 
how  many  millions  of  ages,  be  transformed  into  something  very  different 
from  what  it  now  is  ?" 

The  first  and  third  propositions  were,  according  to  Kant, 
equally  susceptible  of  proof  or  disproof  from  &  priori  reason- 
ing. The  scientific  man  objects  to  this  conclusion,  as  the  propo- 
sitions are  matters  of  fact  The  more  correct  view  is  that  of  Sir 
William  Hamilton,  that  the  conception  of  infinite  space  or 
time,  or  the  coming  to  an  end  of  space  or  time,  is  impossible  for 
us  to  hold,  the  deficiency  being  due  to  our  mental  limitations. 
So  this  gives  us  no  clew  to  the  actual  universe.  Our  conclusions 
must  be  based  on  actual  observation. 

EXTENT  OF  THE  UNIVERSE. 

There  is  a  law  of  optics  which  throws  some  light  on  the  ques- 
tion of  the  extent  of  the  universe.  If  we  assume  the  stars  uni- 
formly distributed  throughout  space  and  conceive  a  number  of 
spherical  shells,  one  outside  of  another,  extended  indefinitely, 
then  the  number  of  stars  in  each  spherical  shell  would  be  propor- 
tional to  the  square  of  the  radius  of  the  given  shell.  But  the 
light  from  the  shells  varies  inversely  as  the  square  of  the  distance 
from  the  center  where  the  observer  is;  therefore  each  successive 
shell  would  send  equal  amounts  of  light  to  the  center.  In  this 
case  if  the  universe  was  indefinitely  extended,  the  "heavtns 
would  be  filled  with  a  blaze  of  light  as  bright  as  the  Sun." 

**  But  there  are  two  limitations  to  this  conclusion.  It  rests  upon  the 
hypothesis  that  light  is  never  lost  in  its  passage  to  any  distance  however 
great.  This  hypothesis  is  in  accordance  with  our  modern  theories  of 
physics,  yet  it  cannot  be  regarded  as  an  established  fact  for  all  space, 
even  if  it  be  true  for  the  distances  of  the  visible  stars. " 

Again,  an  infinite  universe  could  be  imagined  on  the  hypoth- 
esis of  Lambert.  A  number  of  groups  like  the  solar  form  a 
greater  system,  and  a  number  of  these  systems  form  the  Galaxy. 

"But  modern  developments  show  that  there  is  no  scientific  basis  for 
this  conception,  attractive  though  it  is  by  its  grandeur." 

"So  far  as  our  present  light  goes,  we  must  conclude  that,  although 
we  are  unable  to  set  absolute  bounds  to  the  universe,  yet  the  great  mass 
of  stars  is  included  within  a  limited  space,  of  whose  extent  we  have  as  yet 
no  evidence.  Outside  of  this  space  there  may  be  scattered  stars  or 
invisible  systems.  But  if  these  systems  exist,  they  are  distinct  from 
our  own." 

THE   ARRANGEMENT   OF   THE   STARS    IN   SPACE. 
44  The  second  question,  that  of  the  arrangement  of  the  stars  in  space,  is 
one  on  which  it  is  equally  difficult  to  propound  a  definite  general  conclu- 
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sion.  ...  Sir  William  Herschel  reached  the  conclusion  that  our 
universe  was  a  comparatively  thin  but  widely  extended  stratum  of  stars. 
But  we  cannot  assume  that  this  hypothesis  of  the  form  of  the  universe 
affords  the  basis  for  a  satisfactory  conception  of  the  arrangement." 

The  Milky  Way  would  be  uniformly  illumined,  but  it  is  not, 
being  a  chain  of  irregular,  cloudlike  aggregations  of  stars. 
Professor  Newcomb  then  enters  into  a  discussion  of  the  appear- 
ance of  a  universe  of  stars  in  the  form  of  a  circular  disc  as  seen 
from  different  directions.  Following  this  is  a  summary  of 
observed  data  bearing  on  the  distribution  of  the  stars,  the  results 
of  which  are  as  follows.  The  lucid  stars  increase  in  density 
toward  the  Milky  Way,  so  that  if 

"the  cloudlike  forms  which  make  up  the  Milky  Way  were  invisible  to 
us,  we  should  still  be  able  to  mark  its  course  by  the  condensation  of  the 
brighter  stars." 

Of  the  fainter  stars, — 

"the  star  density  in  the  several  regions  increases  continuously  from  each 
pole  to  the  Galaxy  itself.  .  .  .  The  conclusion  to  be  drawn  is  a  funda- 
mental one.  The  universe,  or,  at  least,  the  denser  portions  of  it,  is  really 
flattened  between  the  galactic  poles,  as  supposed  by  Herschel  and 
Struve." 

As  to  those  stars  having  a  proper  motion,  the  following  is 
advanced: — 

"  Having  found  that  the  stars  of  every  magnitude  have  a  tendency  to 
crowd  toward  the  region  of  the  Milky  Way,  the  question  arises  whether 
this  is  true  of  those  stars  which  have  a  sensible  proper  motion.  Kaptbyn 
has  examined  this  question  in  the  case  of  the  Bradley  stars.  His  conclu- 
sion is  that  those  having  a  considerable  proper  motion,  say  more  than 
ten  seconds  per  century,  are  nearly  equally  distributed  over  the  sky,  but 
that  when  we  include  those  having  a  small  proper  motion,  we  see  a  con- 
tinually increasing  tendency  to  crowd  toward  the  galactic  plane.  The 
conclusion  is  interesting  and  important.  If  we  should  blot  out  from  the 
sky  all  the  stars  having  no  proper  motion  large  enough  to  be  detected, 
we  should  find  remaining  stars  of  all  magnitudes;  but  they  would  be 
scattered  almost  uniformly  over  the  sky,  and  show  no  tendency  toward 
the  Galaxy." 

"  From  this  it  again  follows  that  the  stars  belonging  to  the  Galaxy  lie 
farther  away  than  those  whose  proper  motions  can  be  detected. " 

A  study  of  the  heavens  will  soon  show  that  there  is  a  tendency 
for  the  bright  lucid  stars  to  form  groups,  instances  of  which  are 
the  PleiadeSy  Prasepe,  and  Orion. 

"The  question  we  now  propose  to  consider  is  whether  these  clusters 
include  within  their  limits  an  important  number  of  the  small  stars  seen 
in  the  same  direction.    If  they  and  all  the  small  stars  which  they  con- 
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tain  within  their  actual  limits  were  removed  from  the  sky,  would  impor- 
tant gaps  be  left?  The  significance  of  this  question  will  be  readily  seen. 
If  important  gaps  would  be  left,  it  would  follow  that  a  large  proportion 
of  the  stars  which  we  see  in  the  direction  of  the  clusters  really  belong  to 
the  latter,  and  that,  therefore,  most  of  the  stars  would  be  contained 
within  a  limited  region." 

After  a  numerical  examination  of  the  number  of  stars  within 
the  groups  mentioned  above,  the  conclusion  is  that 

"  the  agglomeration  of  the  lucid  stars  into  clusters  does  not,  in  the  cases 
where  it  is  noticeable  to  the  eye,  extend  to  the  fainter  stars." 

A  study  of  the  regions  relatively  poor  in  lucid  stars  leads  to  the 
same  conclusion. 

THE   MILKY   WAY. 

Passing  now  to  the  structure  of  the  Milky  Way,  Professor 
Newcomb  gives  a  detailed  description  of  the  wonderful  object  as 
seen  by  an  observer  at  different  times  of  the  year.  One  of  the 
first  noted  facts  is  the  inequalities  of  structure,  which  are  notice- 
able to  the  eye. 

"  The  Milky  Way  is  something  more  than  the  result  of  the  general 
tendency  of  the  stars  to  increase  in  number  as  we  approach  its  central 
line.  There  must  be  large  local  aggregations  of  stars,  because,  as  we 
have  already  pointed  out,  there  cannot  be  such  diversity  of  structure 
shown  in  a  view  of  a  very  widely  stretched  stratum  of  stars.  .  .  .  The 
fundamental  question  we  meet  in  our  further  study  of  this  subject  is  :  At 
what  magnitude  do  these  agglomerations  of  stars  begin  ?  Admitting,  as 
we  must,  that  they  are  local,  are  they  composed  altogether  of  stars  so 
distant  as  to  be  faint,  or  do  they  include  stars  of  considerable  brightness  ? ' ' 

A  method  of  counting  the  stars  in  the  regions  in  question,  is 
followed,  and 

"  The  conclusion  is  that  an  important  fraction  of  the  lucid  stars  which 
we  see  in  the  same  areas  with  the  agglomerations  of  the  Milky  Way  is 
really  in  those  agglomerations  and  forms  part  of  them." 

The  darker  regions  of  the  Milky  Way  are  also  found  to  con- 
tain as  many  stars  as  there  are  in  the  regions  immediately  on 
each  side  of  the  galactic  belt.     The  evidence  is  that 

"separate  from  the  accumulations  of  stars  in  the  Milky  Way,  perhaps 
extending  beyond  them,  there  is  a  vast  collection  of  scattered  stars, 
spread  out  in  the  direction  of  the  galactic  plane,  which  fill  the  celestial 
spaces  in  every  direction.  We  have  shown  that  when,  from  any  one  area 
of  the  sky,  we  abstract  the  stars  contained  in  clusters,  this  great  mass  is 
not  seriously  diminished.  We  have  also  collected  evidence  that  the 
d  istances  of  this  great  mass  are  very  unequal;  in  other  words,  there  is 
no  great  accumulation,  in  a  superficial  layer,  at  some  one  distance.  .  .  . 
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Our  general  conclusion  is  this:  If  we  remove  from  the  sky  all  the  local 
aggregations  of  stars,  and  also  the  entire  collection  which  forms  the 
Milky  Way,  we  should  have  left  a  scattered  collection,  constantly  increas- 
ing in  density  toward  the  galactic  belt." 

Another  interesting  point  to  be  considered  is  the  increasing 
number  of  stars  with  diminishing  brightness.  The  number  of 
stars  in  each  succeeding  order  of  magnitude  is  between  three  and 
four  times  as  great  as  in  the  preceding  one.  Using  only  rough 
approximations,  the  amount  of  light  received  will  be  about 
doubled  for  a  change  of  two  units  of  magnitude,  the  stars  of  lower 
magnitude,  though  fainter  individually,  being  greater  in  number, 
collectively  give  more  light.  A  careful  summary  of  the  star  cata- 
logues leads  to  the  general  conclusion  that 

"  up  to  the  eleventh  magnitude  there  is  no  marked  falling  off  in  the  ratio 
of  increase,  even  near  the  poles  of  the  Galaxy." 

The  question  when  the  series  begins  to  fall  away  is,  therefore* 
still  an  undecided  one.  If  there  be  no  diminution  of  light  due  to 
distance,  then  the  number  of  stars  must  begin  to  decrease  at  some 
point,  or  the  sky  would  be  filled  with  a  blaze  of  light. 

"  From  what  has  been  shown  of  the  total  amount  of  light  received 
from  stars  of  the  smaller  magnitudes,  it  would  seem  certain  that  a  con- 
siderable fraction  of  the  apparently  smooth  and  uniform  light  of  the  sky 
may  come  from  these  countless  telescopic  stars,  even  perhaps  from  those 
which  are  not  found  on  the  most  delicate  photographs." 

The  chapter  following  is  devoted  to  a  statistical  study  of  the 
proper  motions  of  the  stars.  Space  will  not  permit  us  to  follow 
Professor  Newcomb  in  his  argument  on  this  subject.  His  general 
conclusion,  which  he  says  is  in  good  agreement  with  that  arrived 
at  by  Professor  Kapteyn  by  a  different  method,  is  that  the 
average  actual  motion  of  a  star  in  space  is  about  37  kilometers 
per  second.  The  motion  of  Sun  is  given  as  20  kilometers.  The 
Sun  is  therefore  a  star  of  quite  small  proper  motion. 

DISTRIBUTION   OF  THE   STARS    IN   SPACE. 

In  the  final  chapter,  on  the  distribution  of  the  stars  in  space, 
the  lines  of  thought  set  forth  in  the  former  chapters  are  made  to 
converge  on  that  main  and  concluding  problem.  With  our 
system  as  a  center,  the  celestial  space  is  supposed  divided  into 
concentric  shells,  the  radius  of  the  first  inside  sphere  being 
equal  to  206.265  times  the  orbit  of  the  Earth,  or  a  distance  at 
which  the  parallax  of  a  star  would  be  1".  The  succeeding  shells 
have  radii  of  2  R,  3  R,  etc.,  and  the  parallaxes  of  the  stars  on  the 
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surface  would  be  respectively  o"-5,  o".33,  o".25,  etc.  In  the 
first  sphere,  since  no  star  has  been  found  with  a  parallax  of  i", 
the  Sun  would  be  alone.  Continuing,  a  list  is  given  of  the  stars 
whose  parallax  is  known,  and  the  result  is  that  in  the  second 
sphere  there  would  be  one  star  to  seven  units  of  space  of  the 
cube  of  R.  The  outer  regions  give  the  ratio  of  one  in  twelve. 
Considering  the  first  result,  there  would  be  one  star  in  a  sphere 
of  radius  R,  or  diameter  412,500  times  the  Earth's  orbit.  Light 
traveling  over  180,000  miles  a  second  would  thus  pass  a  star 
every  eight  and  a  half  years.  A  study  of  the  large  and  small 
proper  motions  leads  to  about  the  same  conclusion,  or  one  star 
to  eight  units  of  space  of  the  cube  of  R.  By  a  study  of  the 
stars  with  a  cross  motion  of  less  than  2". 5  per  century,  it  is  con- 
cluded that  the  sphere  of  lucid  stars  extends  much  beyond  400  R. 

"  Granting  the  star  density  as  we  have  supposed,  a  sphere  of  radius 
400  R  would  contain  8,000,000  stars.  As  we  see  more  than  this  number 
with  our  telescope,  we  have  no  reason  to  suppose  the  boundary  of  the 
stellar  system,  if  boundary  it  has,  to  be  anywhere  near  this  limit." 

"All  the  facts  we  have  collected  lead  to  the  belief  that,  out  to  a 
certain  distance,  the  stars  are  scattered  without  any  great  and  well- 
marked  deviation  from  uniformity.  But  the  phenomena  of  the  Milky 
Way  show  that  there  is  a  distance  at  which  this  ceases  to  be  true.  .  .  . 
Can  we  form  any  idea  where  this  difference  begins,  or  what  is  the  nearest 
sphere  which  will  contain  an  important  number  of  galactic  stars?  A 
precise  idea,  no;  a  vague  one,  yes.  We  have  seen  that  the  galactic 
agglomerations  contain  quite  a  number  of  lucid  stars,  and  that,  perhaps, 
an  eighth  of  these  stars  are  outside  the  sphere  400  R.  We  may,  there- 
fore, infer  that  the  Milky  Way  stars  lie  not  immensely  outside  this  sphere- 
More  than  this,  it  does  not  seem  possible  to  say  at  present." 

It  is  probable  that  we  lie  near  the  center  of  the  stellar  universe. 
The  equality  of  the  stars  on  both  sides  of  the  galactic  circle  and  the 
fact  that  the  galactic  circle  is  a  great  circle  are  offered  as  proof. 
This  merely  proves  that  we  lie  in  the  galactic  plane.  The  evi- 
dence as  to  our  lying  near  the  center  is  not  so  conclusive,  and  not 
until  the  international  photographic  survey  of  the  heavens  is  com- 
pleted does  it  seem  possible  to  reach  a  more  definite  conclusion. 

Inspired  by  that  spirit  of  caution  which  characterizes  the 
entire  series  of  chapters  when  dealing  with  conclusions  not  entirely 
supported  by  facts,  Professor  Newcomb  closes  thus: — 

"  One  reflection  may  occur  to  the  thinking  reader  as  he  sees  the 
reasons  for  deeming  our  position  in  the  universe  to  be  the  central  one. 
Ptolemy  showed  by  evidence,  which,  from  his  standpoint,  looked  as 
sound  as  that  we  have  cited,  that  the  Earth  was  fixed  in  the  center  of  the 
universe.    May  we  not  be  the  victims  of  some  fallacy,  as  he  was  ? ' ' 
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SUN-SPOTS. 


By  Rose  O'Halloran. 


Viewed  through  a  four-inch  telescope,  the  surface  of  the  Sun 
has  been  as  unspotted  as  untrodden  snow  for  months  past 

At  length,  on  the  19th  of  May,  at  11  a.m.,  a  sizable  spot  in 
two  sections  was  discerned  about  twenty  degrees  inside  the 
northeast  limb.  In  that  position  some  are  very  distinct,  but  this 
had  a  penumbral  aspect,  as  if  the  solar  atmosphere  were  very 
dense.  The  day  following  was  cloudy;  but  on  the  21st  instant, 
at  9  a.m.,  in  the  less  foreshortened  view,  it  proved  to  be  a  group 
with  three  umbrae,  one  rather  large  in  the  foremost  section,  and 
two  smaller  ones  in  the  more  easterly  section.  The  adjacent 
penumbra  had  commenced  to  branch  northward  a  few  hours 
afterwards,  and  on  the  following  morning  had  developed  a  dis- 
tinct umbra,  while  the  two  umbrae  south  of  it  were  transformed 
into  a  curving  row  of  five  umbrae.  On  May  23d  numerous 
changes  were  apparent.  The  large  umbra  of  the  foremost  spot 
was  divided,  oV  "  bridged,"  as  it  is  called  when  a  streak  of  white 
photospheric  matter  crosses  a  dark  tract.  The  new  northward 
umbra  of  the  other  section  was  arching  in  form,  and  the  last  two 
of  the  curving  row  had  drifted  forward  under  the  three,  which  in 
the  mean  time  had  united  into  a  dark  streak. 

The  faint  penumbral  filaments  connecting  the  two  divisions 
had  disappeared,  and  each  of  the  separated  tracts  had  well- 
defined  breaks  crosswise  where  there  seemed  to  be  no  penumbral 
matter.  The  best  measurement  of  position  was  obtained  on  the 
24th  instant,  at  11  a.m.,  as  the  group  was  near  the  center  of  the 
disc,  and  the  solar  axis  corresponded  with  the  meridian.  The 
entire  group,  which  was  fully  72,000  miles  in  length,  and 
elongated  in  a  nearly  east-and-west  direction,  was  about  eight 
degrees  north  of  the  solar  equator. 

The  foremost  umbra  was  again  bridged,  the  other  umbrae 
were  so  altered  as  to  form  and  position  as  to  be  scarcely 
identifiable,  and  a  general  shrinkage  had  evidently  set  in.  On 
the  25th  and  26th  instants  it  was  seen  only  imperfectly  through  a 
layer  of  cloud.  On  May  27th,  9:45  a.m.,  the  foremost  umbra 
had  undergone  some  changes,  as  if  a  part  had  drifted  in  advance, 
and  instead  of  being  elongated  north  and  south,  it  extended  in  an 
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east-and-west  direction.  This  umbra  was  in  three  distinct  parts  at 
11:30  a.m.  on  May  28th,  and  the  entire  formation  seemed  to  be 
still  diminishing. 

The  general  outlines  seemed  unchanged  at  1  p.m.  May  29th, 
but  the  division  in  the  larger  umbra  was  undiscernible,  perhaps 
on  account  of  the  foreshortened  view  and  the  solar  atmosphere. 
On  May  30th  the  outlines  were  still  visible  near  the  limbs,  but  on 
the  31st  it  had  passed  from  view.  At  the  present  stage  of  sun- 
spot  minimum  the  details  of  a  group  of  more  than  average  size 
have  especial  interest,  as  the  known  irregularities  of  the  cycle 
make  it  possible  that  they  may  be  the  initial  footprints  of  a 
returning  maximum. 

San  Francisco,  May  31,  1901. 


FLUCTUATIONS  OF  NOVA   PERSEL 


By  Rose  O'Halloran. 


Nova  Persei  was  observed  on  about  fifty  £lear  evenings 
between  7:30  and  9:00,  P.  S.  T.,  commencing  on  February  24th, 
and  ending  in  the  beginning  of  May.  During  this  period  its 
decline  from  1st  magnitude  to  6.5  was  interrupted  by  nine 
temporary  revivals  of  light,  which  were  estimated  as  follows, 
with  the  aid  of  the  charts  published  by  Father  Hagen: — 

Between  February  28th  and  March  2d,  from  2.1  to  1.9  mag. 

Between  March  nth  and  12th,  from  3.3  to  3.1  mag. 

Between  March  20th  and  27th  one  or  two  fluctuations  were 
noticed,  but  not  having  been  recorded  at  the  time  of 
observation,  the  amount  of  increase  or  the  dates  could 
not  be  recalled  accurately. 

Between  April    7th  and    8th,  from  5.2  to  4.6  mag. 

Between  April  10th  and  12th,  from  5.4  to  4.6  mag. 

Between  April  16th  and  18th,  from  5.6  to  4.2  mag. 

Between  April  22d  and  23d,  from  6.5  to  4.0  mag. 

Between  April  26th  and  27th,  from  6.0  to  4.5  mag. 

Between  April  27th  and  May  6th,  from  6.0  to  4.0  mag. 

This  last  estimate  of  increase  was  unsatisfactory  on  account 
of  the  interference  of  high  buildings,  which  hindered  further 
observation    afterwards.      The    intervals   in   which   fluctuations 
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occurred  sometimes  included  cloudy  days,  so  that  the  dates  of 
increase  are  those  on  which  the  change  was  first  detected  at  its 
highest  stage.  The  greatest  decline  of  the  Nova  was  to  6.5 
magnitude,  on  the  2  2d  of  ApriL 

San  Francisco,  May  31, 1901. 


COMET    HOLK. 


By  Edgar  L.  Larkin. 


The  Australian  comet,  discovered  by  Holk,  April  23d,  was 
well  observed  at  the  Mount  Lowe  Observatory  to-night,  May  17, 
1 90 1,  at  7b  38m.     Its  approximate  position  then  was: — 

a    5h  5°m  3o' 
8   +4°    46' 

The  nucleus  was  small,  but  bright  and  distinct  in  the  brilliant 
twilight,  and  had  the  appearance,  nearly  as  could  be  judged,  of  a 
4th-magnitude,  orange-colored  star.  The  tail  was  about  five 
minutes  in  length  and  quite  wide.  A  fog  has  rested  upon  the 
summits  of  Tujunga  and  Verdugo  Mountains  for  six  days. 
These  ranges  constitute  the  western  horizon  here,  and  the  comet 
could  not  have  beeti  seen  before.  Professor  Kreutz's  ephemeris 
was  used.  The  visitor  was  seen  at  7h  38™,  and  disappeared  behind 
the  peaks  at  8h  i3"\  thus  affording  only  thirty-five  minutes  for 
observation.  The  tail  was  so  faint  that  it  could  not  be  seen  in 
the  high  power  of  the  micrometer,  so  it  was  not  measured, —  the 
apparent  length  being  an  estimate  with  low  power,  132  Gundlach 
periscopic.  No  attempt  was  made  to  secure  a  spectrum,  owing 
to  the  short  time  available,  and  it  is  doubtful  if  a  spectrum  could 
have  been  seen  in  the  twilight  glow,  and  still  more  a  subject  of 
doubt  whether  it  would  possess  value  if  obtained,  owing  to  vapors 
round  about  the  mountain  tops. 

The  comet's  motion  was  rapid  and  could  be  easily  seen  in  the 
short  time  the  display  was  on.  There  were  no  catalogue-stars  in 
field.  If  the  comet  had  been  at  high  altitude,  it  is  probable  that 
the  tail  would  have  been  as  much  as  one  degree  in  length.  The 
celestial  wanderer  was  almost  invisible  in  the  finder,  but  the  nu- 
cleus was  clearly  seen  in  the  16-inch,  while  the  tail  was  brighter 
than  thought  possible  in  the  glimmer  of  solar  rays  and  the  glow 
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of  the  Zodiacal  Light.  And  this  glowing  cone  of  light  is  far  more 
brilliant  here  than  at  any  observatory  in  the  Eastern  States. 

Altogether  the  observation  seems  to  have  been  quite  satisfac- 
tory under  the  existing  conditions. 

Mount  Lowe  (Cal.)  Observatory,  May  17,  1901. 


PLANETARY  PHENOMENA  FOR  JULY  AND  AUGUST, 

1901. 


By  Malcolm  McNeill. 


July. 

The  Earth  is  in  aphelion  July  4,  8  a.m.  P.  S.  T. 

Mercury  is  an  evening  star  at  the  beginning  of  the  month,  too 
near  the  Sun  to  be  seen.  It  rapidly  approaches  the  Sun,  passes 
inferior  conjunction  on  the  morning  of  July  13th,  and  then  rapidly 
recedes  from  the  Sun.  It  may  be  seen  as  a  morning  star  during 
the  last  few  days  of  the  month  in  the  early  twilight. 

Venus  is  gradually  increasing  its  distance  from  the  Sun,  and 
is  beginning  to  be  conspicuous  as  an  evening  star.  During  most 
of  the  month  it  sets  rather  more  than  an  hour  after  sunset.  It 
moves  about  400  east  and  n°  south  through  Cancer  into  Leo. 
On  July  28th  it  passes  about  i°  north  of  Regulus. 

Mars  is  in  the  western  sky  in  the  evening,  setting  a  little  before 
10  p.m.  at  the  end  of  the  month.  Its  rate  of  recession  from  the 
Earth  is  still  over  twenty  millions  of  miles  per  month,  and  on 
July  31st  its  distance  from  us  is  about  one  hundred  and  sixty- 
three  millions  of  miles.  Its  apparent  motion  among  the  stars  is 
160  east  and  70  south  from  Leo  into  Virgo.  On  the  evening 
of  July  6th  it  passes  very  close,  less  than  20',  south  of  the  fifth- 
magnitude  star  /3  Virginis. 

Jupiter  and  Saturn  are  still  close  together  in  Sagittarius,  and 
as  they  are  both  near  opposition,  they  are  above  the  horizon 
practically  the  entire  night.  Jupiter  was  in  opposition  on  June 
30th,  and  Saturn  will  be  in  opposition  on  July  5th.  Both  are 
moving  westward.  Jupiter  not  quite  40  and  Saturn  rather  more 
than  20,  and  at  the  end  of  the  month  are  about  70  apart,  Jupiter 
being  west  of  Saturn. 

Uranus  is  about  two  hours'  motion  west  of  Saturn,  and  sets  two 
hours  earlier.     It  is  still  in  the  southern  extension  of  OpAiucAust 
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and  moves  about  i°  westward  during  the  month.  There  is  no 
bright  star  near  it  to  mark  its  position,  but  at  the  beginning  of 
the  month  it  is  about  half  a  degree  north  of  the  sixth-magnitude 
star  24  Ophiuchi.  Its  motion  during  the  month  carries  it  away 
from  the  star. 

Neptune  is  a  morning  star  too  near  the  Sun  for  good  obser- 
vation. 

August. 

Mercury  is  a  morning  star  at  the  beginning  of  the  month, 
passing  greatest  west  elongation  on  the  morning  of  August  2d. 
It  then  rises  about  an.  hour  and  a  half  before  sunrise,  and  the 
interval  is  more  than  an  hour  until  about  the  middle  of  the 
month.  After  that  the  planet  rapidly  approaches  the  Sun  and 
passes  superior  conjunction  on  the  afternoon  of  August  27th. 

Venus  is  an  evening  star,  setting  rather  more  than  an  hour 
after  sunset  throughout  the  month.  It  increases  its  apparent 
distance  from  the  Sun  from  250  to  320,  but  at  the  same  time  the 
planet  draws  more  and  more  south  from  the  Sun,  so  that  the 
interval  between  the  settings  of  the  Sun  and  planet  remains 
practically  the  same.  The  planet  moves  330  east  and  150  south 
during  the  month,  going  from  Leo  into  Virgo. 

Mars,  at  the  beginning  of  the  month,  is  in  just  about  the 
position  Venus  will  occupy  at  the  end.  Its  rate  of  recession 
from  the  Earth  is  not  quite  as  great  as  for  two  or  three  months 
past,  being  only  fourteen  millions  of  miles.  On  August  31st  it 
is  not  quite  twice  the  mean  distance  of  the  Earth  from  the  Sun 
distant  from  us.  It  has  ceased  to  be  a  conspicuous  object,  but 
will  still  be  about  as  bright  as  the  standard  first-magnitude  star. 
It  moves  through  the  constellation  Virgo  180  east  and  70  south. 
On  August  1 8th  it  passes  about  20  north  of  the  first- magnitude ' 
star  Spica,  a  Virginis.  Its  brightness  will  then  differ  little  from 
that  of  the  star,  but  its  ruddy  color  will  make  it  readily  distin- 
guishable. 

Jupiter  and  Saturn  still  keep  their  positions  in  Sagittarius 
north  of  the  group  called  the  "Little  Dipper."  They  are  setting 
earlier,  and  by  the  end  of  the  month  do  not  remain  above  the 
horizon  much  after  midnight.  They  still  keep  up  their  retrograde 
motion  toward  the  west,  but  more  slowly  than  before;  and 
Jupiter  becomes  stationary  just  before  the  end  of  the  month, 
while  Saturn  does  not  reach  his  turning-point  until  a  fortnight 
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later.  Their  distance  apart  remains  pretty  constantly  a  little 
more  than  70,  and  each  moves  about  a  degree  and  a  half  westward 
among  the  stars. 

Uranus  sets  about'  two  hours  earlier  than  during  July.  It 
retrogrades  slowly  until  August  22d,  when  it  becomes  stationary, 
and  then  begins  its  eastward  motion. 

Neptune  is  a  morning  star,  but  by  the  end  of  the  month  rises 
a  little  after  midnight. 

Look  out  for  meteors  during  the  middle  of  the  month,  more 
especially  the  nights  from  August  nth  to  13th.  This  shower, 
which  comes  yearly,  radiates  "from  the  constellation  Perseus. 
This  rises  in  the  northeast  in  the  early  ev.enings.  More  meteors 
are  likely  to  be  seen  after  midnight  than  before. 

July-August,  1901. 
Phases  of  the  Moon,  P.  S.  T. 


Full  Moon 
Last  Quarter  . 
New  Moon 
First  Quarter 
Full  Moon 
Last  Quarter 
New  Moon 
First  Quarter 
Full  Moon 

• 

July      1, 
July      8, 

J«iy  15. 

July    23, 

July  31. 

Aug.    7, 
Aug.  14, 
Aug.  21, 
Aug.  29, 

3h  18-  P. 
7    20 

2     IO     A. 

5    58 

2    34 

12      2 

12    27 

11  52     p. 

12  21 

M. 
M. 

M. 

The  Sun. 

1 901. 

R. 

A. 

Declination. 

Rises. 

Transits. 

Sets. 

July 

1. 

6b 

39" 

+  23°  9' 

4h39mA.M.  I2h   3BBP.M.  7h  27mP.M 

11. 

7 

20 

+  22  11 

4  46 

12    5 

7  26 

21, 

8 

0 

+  20  34 

4  53 

12     6 

7  19 

Aug. 

1. 

8 

44 

+  18     9 

5    3 

12      6 

7     9 

11 

9 

22 

+  15  25 

5   11 

12    5 

6  59 

21, 

10 

0 

+  12   17 

5  21 

12     3 

6  45 

3i. 

10 

36 

+    8  49 

5  30 

noon 

6  30 

Mercury. 

July 

1, 

7 

50 

+  18  25 

6      9  A.M.      I     14  P. 

m.  8   19  P.M 

11, 

7 

3i 

+  17     6 

5  17 

12    16 

7  15 

2r, 

7 

10 

+  18     0 

4  12 

11     15  A. 

M.   6   18 

Aug. 

i. 

7 

22 

+  20     3 

3  34 

10   45 

5  56 

11, 

8 

18 

+  20     3 

3  5o 

11      1 

6  12 

21, 

9 

36 

+  16     2 

4  44 

11    40 

6  36 

3i< 

10 

52 

+    9 

0 

5  45 

12    16  P 

M.  6  47 
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Venus. 

1 901. 

R.  A 

i. 

Declination. 

Rises. 

Transits. 

Sets. 

July      1, 

7 

51 

+ 

22  22 

5  54A.M 

.  I    15  P.M. 

8   36  P.  M. 

11, 

8 

42 

+  19   49 

6  17 

I    27 

8  37 

21, 

9 

31 

+ 

16   20 

6  40 

1  37 

8  34 

Aug.     1, 

10 

23 

+ 

11    42 

7     6 

I  46 

8  26 

11, 

11 

8 

+ 

6   56 

7  27 

I  51 

8  15 

21, 

11 

53 

+ 

1    53 

7  49 

1 56 

8     3 

3i, 

12 

36 

3    17 

8  11 
Mars. 

2      O 

7  49 

July      1, 

11 

36 

+ 

3  15 

10  48  A.M. 

5      O  P.M. 

II    12   P.M 

11, 

11 

56 

+ 

0  54 

10  38 

4  4i 

10  44 

21, 

12 

17 

— 

1  32 

10  27 

4  22 

IO    17 

Aug.     if 

12 

40 

— 

4  15 

10  16 

4     2 

9  48 

11, 

13 

3 

— 

6  46 

10    8 

3  45 

9  22 

21, 

13 

26 

— 

9  16 

10     1 

3  29 

8  57 

3i, 

13 

51 

— 

11  44 

9  54 

3  14 

8  34 

Jupiter. 

July      1,  18  35     —  23  10      7  26  P.M.  12    2  a.m.    4  38  A.M. 
Aug.     1,  18  20    —23  25       55  9  40  p.m.     2  15 

Sept.    1,  18  14    —23  31       2  59  7  33  12     7 


Sa  turn. 


July  1,  18  58  —  22  18 
Aug.  i,  18  49  -22  33 
Sept.    1,  18  43     —22  43 


7  45 

P.M.     12    25    A.M. 

5     5  a.m 

5  30 

IO      9     P.M. 

2    48 

3  24 

8      2 

12    40 

Uranus. 


July      1,  16  50     —  22  30       5  35  p.m.  10  14  p.m.     2  53  A.M 
Aug.     1,  16  47     —  22  24      3  29  8     8  12  47 

Sept.    1,  16  46     —  22  23       1  26  65  10  44 


Neptune. 

July      i, 
Aug.     1, 
Sept.    1, 

5  57      +  22    18        42  A.M. 

6  2     -f-  22  18       2     4 
6     5     +  22  17     12     6 

II    22  A.M. 

9  24 
7  26 

6  42  P.M. 

4  44 
2  46 
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Eclipses  of  Jupiter's  Satellites,  P.  S.  T. 

(Off  right-hand  limb  as  aecn  to  an  Inverting  telescope.) 


II,  RJuly 

2, 

9*  13- 

P.M. 

H,  R. 

Aug.  3, 

*k57" 

P.M. 

I.  R, 

5. 

2  37 

A.M. 

III.  D, 

4. 

9  37 

I,  R, 

6. 

9  6 

P.M. 

III.  R, 

5. 

12  37 

A.M. 

IV,  R, 

7. 

12  51 

A.M. 

I.  R. 

5. 

11  13 

P.M. 

II.  R, 

9- 

II  49 

p.m; 

I,  R. 

7. 

5  42 

I.  R. 

12, 

4  32 

A.M. 

II.  R, 

10, 

"  34 

I,  R, 

*3. 

11   0 

P.M. 

III.  D, 

12, 

1  37 

A.M. 

I.R, 

*5. 

5  29 

I,  R. 

13. 

1  8 

II,  R. 

17. 

2  25 

A.M. 

I,  R. 

14, 

7  37 

P.M. 

I.  R, 

21, 

12  55 

I.  R. 

21. 

9  32 

I.  R, 

22, 

7  24 

P.M. 

I.R. 

23. 

4  0 

IV,  D, 

23, 

4  38 

II,  R. 

28, 

6  8 

IV.  R, 

23. 

7   3 

I.R, 

28. 

11  27 

II.  R. 

27. 

6  20 

I,  R, 

30, 

5  55 

Ill,  R, 

28. 

8  36 

I.R. 

29. 

9  18 

NOTICES    FROM   THE    LICK    OBSERVATORY/ 


Prbpared   by   Members  of  the  Staff. 


Magnitude  Estimates  of  Nova  Perse/. 

Estimates  of  the  brightness  of  the  new  star  in  Perseus  have 
been  made  as  regularly  as  possible  since  February  24th»  when 
news  of  its  discovery  was  received. 

These  estimates  at  first  were  made  without  any  instrumental 
aid,  by  comparing  the  star  with  Capeila  a,  *,  Sf  v,  *  Persei.  As 
the  star's  light  faded,  opera -glasses,  and  later  the  3-inch  finder 
of  the  12-inch  telescope,  and  still  later  the  12-inch  telescope 
itself,  were  used,  comparisons  being  made  with  the  stars  $\  a, 
iPersei,  and  with  BD  +  43^674,  BD  +  45°.  778,  BD  -f-  44*734: 
the  magnitudes  of  the  comparison  stars  being  taken  from 
Hagen's  Chart  L 

The  observations  show  that  the  light  of  the  N&va,  while  it  has 
'been  fading,  has  been  subject  to  marked  fluctuations  almost  from 
the  beginning  —  a  fact  that  is  abundantly  confirmed  by  observers 
elsewhere.  But  no  definite  period  of  variation  can  be  satisfac- 
torily established  from  the  observations  made  here,  nor  yet 
by  combining  with  them  those  made  at  other  places  so  far  as  these 
have  been  published. 

The  following  table  gives  the  magnitudes  of  the  new  star 
derived  from  my  observations: — 


Feb. 


Mar, 


P.  S,  T- 
h 

S 
1 

6:30 

7 

10 
8 
7 
7 

8:20 
7—10 
7—10 
7 


o-5 
1,0 

09 

M 
2.0 

2.0 

2:4 
2:5 
2:5 

37 
3:0 

3-* 


1901 
Mar, 


13  , 

M  • 
15. 
16. 

17  - 
18. 
T9. 
30  , 
33  . 
=3 


P.  S.  T. 

h 

9 
9 

7—IO 

8 

8 

8—10 

8 

7-9 

I:3° 

7 

8 

10 


3:5 
37 
3*5 
3:8 
3:9 
3:9 
4,0 
4.1 
4.5 
4-7 
4.0 

4-7 
50 


1  Lick  Astronomical  Department  of  the  University  of  California. 
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1 901 

P.S 

T. 

1901 

P.  S.  T. 

h 

m 

h                           m 

Mar.  29  ...  .      9 

5.0 

Apr.  23  ...  .  7:30—9:30          45 

.       31- 

9 

47 

3: 

8                    5-3 

Apr.    i  . 

9:30 

45 

8:30—9          54 

4. 

7:30 

42 

May    2  . 

8:45                47 

5. 

8 

47 

3- 

8:15                5.4 

6. 

8 

5.o 

4. 

8:30                6.0 

7. 

8 

54 

5. 

8                    6.0 

8. 

■       9 

4.2 

6. 

8                    5.8 

9. 

8 

5° 

7- 

8                    4.4 

10  . 

9 

55 

8. 

8                    53 

11  . 

8—10 

5.7 

9- 

8                    5.8 

13. 

7:30 

6.0 

10  . 

8                    6.0 

14. 

8 

6.1 

11  . 

7:50                6.0 

15. 

8 

6.1—6  2 

12  . 

8:30               5-7 

16. 

8 

6.0 — 6.1 

13. 

8:15               5.5 

17. 

7:3° 

4-4 

14. 

8.20               57 

19- 

8 

55 

15. 

8:25                6.0 

20  . 

8 

6.2 

16. 

8                    5.8 

21  . 

8 

5.6 

17. 

7:50       4  7—4-8 

22  . 

8:30 

4-7 

19. 

8            60—6.2 

May  22 

i. 

19/ 

M. 

R.    G.    AlTKEN. 

Note  on  Comet  a  1901. 

This  comet  was  discovered  independently  at  several  stations 
in  the  southern  hemisphere,  and  for  a  time  was  to  southern 
observers  a  conspicuous  object  in  the  morning  and  later  on  in  the 
evening  sky. 

Because  of  its  position  south  of  the  Sun,  it  could  not  be  seen 
at  northern  observatories  during  its  period  of  greatest  brightness. 
It  was  looked  for  here  carefully  on  every  clear  evening  and 
morning  from  April  26th,  the  date  of  the  announcement  of  its 
discovery,  until  May  3d,  when  the  cablegram  from  Arequipa 
showed  that  it  had  passed  the  Sun  and  become  an  evening  object. 
The  evening  sky  was  then  searched  without  success  until  Tues- 
day, May  14th,  when  in  the  strong  twilight  it  was  seen  as  a  hazy 
star  of  about  the  eighth  magnitude  in  R.  A.  5h  33°;  Decl.  +  30 
34'.  This  seems  to  have  been  the  first  observation  made  of  the 
comet  in  the  northern  hemisphere. 

Accurate  observations  secured  on  the  evenings  of  May  15th 
and  1 6th,  showed  that  it  was  a  little  behind  the  position  predicted 
by  Dr.  Kreutz's  preliminary  orbit,  and  that  it  was  fading  quite 
rapidly.  On  the  latter  date  two  stars,  called  8.2  and  8.7  magni- 
tude respectively  in  the  Albany  A.  G.  Catalogue,  were  in  the 
telescope-field  with  the  comet;  the  one  was  certainly  brighter,  the 
other  fainter,  than  the  comet.  Last  night,  May  21st,  it  was  fainter 
than  a  star  of  ninth  magnitude, —  too  faint  for  accurate  measures 
in  the  twilight  and  haze.  R.  G.  Aitken. 

May  22,  1901. 
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Measures  of  8  Equulei,  =  OS  535. 

Unfavorable  weather  prevented  observations  of  this  interesting 

binary  until  the  morning  of  May  3d  (astronomical  date).     It  was 

then  distinctly  elongated,  and  a  measure  was  secured  without 

much  difficulty.     Another  measure  was  made  on  the  following 

morning  under  somewhat  less  favorable  conditions,  though  the 

elongation  was  unmistakable.     The  distance  measured  in  a  pair 

of  this  kind  is  likely  to  be  the  longer  diameter  of  the  image, 

rather  than  the  actual  distance  between  the  centers  of  the  two 

components,   unless  the  observing  conditions  are  ideal.     My 

estimates  of  distance  on  both  nights,  based  on  the  thickness  ot 

the  micrometer  wires,  was  A"  or  a  very  little  more. 

The  measures  are: 

»  p  wt. 

I90I-337  201°  5  o".i3  4. 

1901.340  200.3  0.16  3. 

The  quadrant  is  wholly  indeterminate.  I  have  taken  the  third 
quadrant  for  the  purpose  of  comparison  with  Professor  Hussey's 
ephemeris  (No.  76,  p.  223,  these  Publications)^  which  gives  for 
1901.338  i92°.o  o".io.  R.  G.  Aitken. 


Measures  of  the 

Companions 
Sirius. 

to  Sirius 

AND 

Procyon. 

1901.165 

i35°.7 

4"- 97 

3 

36 

.277 

134  .4 

5  .18 

4 

36 

.296 

135  .0 

5  -25 

4 

36 

1901.25 

i35°.o 

5".  13 

Procyon. 

1901.154 

337°.  1 

// 

3 

36 

.156 

338  .6 

5  -23 

3 

36 

.299 

339  .9 

5  -05 

3 

36 

1901.20 

338°.5 

5".  13 

The  last  two  measures  of  Sirius  were  made  in  strong  twilight. 
The  seeing  then  was  excellent,  so  that  a  thousand-power  eye- 
piece could  be  used  and  the  companion  could  be  seen  steadily 
during  the  whole  time  of  observation.  The  good  seeing  lasted 
only  a  short  time,  however,  and  Procyon  could  not  be  measured 
on  either  night.     The  companion  to  the  latter  star  is  now  much 


i*6  Publications  of  the 

harder  to  see  than  the  companion  to  Sirius,  and  the  measures, 

especially  of  distance,  are  subject  to  much  larger  probable  error. 

Zwiers's  ephemeris  gives  for  Sirius: — 

1901.25  i33°-3  5"-<>7- 

R.  G.  Aitken. 
May  8,  1901. 


The  Death  of  Professor  Rowland. 

The  physical  side  of  Astronomy  suffered  a  great  loss  on 
April  16th,  in  the  death  of  Professor  Henry  A.  Rowland, 
of  Johns  Hopkins  University,  in  the  fifty-third  year  of  his  age. 
Professor  Rowland  occupied  the  Chair  of  Physics  from  1876, 
the  date  of  the  opening  of  the  university,  until  the  time  of 
his  death. 

Professor  Rowland's  contributions  to  our  knowledge  of  heat, 
electricity,  and  light  earned  for  him  a  place  in  the  front  rank 
of  the  physicists  of  the  world.  Astronomy  is  indebted  to  him 
mainly  for  the  perfection  of  the  diffraction-grating  and  for  his 
studies  on  the  grating  spectrum  of  the  Sun.  His  tables  of  wave- 
lengths in  the  solar  spectrum  are  so  generally  in  use  that  they 
may  be  said  to  form  the  basis  of  all  accurate  astronomical 
spectroscopy.  His  premature  death  has  given  rise  to  heartfelt 
expressions  of  regret  from  the  entire  scientific  world. 

W.  W.  C. 

The  Lick  Observatory  Bulletin. 

Early  in  the  present  year  the  Lick  Observatory  began  to 
issue  a  bulletin  to  supply  a  want  long  felt.  Its  purpose  was  to 
furnish  a  medium  of  publication  insuring  prompt  distribution 
of  important  results,  and  likewise  that  it  should  be  used  for 
publishing  long  and  technical  articles  unsuitable  for  journal 
publication,  and  which  could  not  await  publication  in  volume 
form. 

It  is  not  intended  that  the  mailing-list  shall  include  individuals 
except  in  the  rare  cases  where  investigators  have  not  ready  access 
to  the  Bulletin  through  institutions. 

Bulletins  Nos.  1  and  No.  2  have  been  issued.  They  contain 
Professor  Tucker's  meridian-circle  positions  of  the  comparison- 
stars  to  be  used  as  a  basis  for  determining  the  solar  parallax, 
from  observations  of  the  planet  Eros.     The  total  number  of  stars 
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observed  by  Professor  Tucker  is  677.  The  total  number  of 
observations  required  was  slighdy  over  2,000,  including  circum- 
polars  and  nadirs. 

The  materials  for  a  number  of  other  Bulletins  are  at  hand,  and 
they  will  be  issued  in  the  near  future.  W.  W.  Campbell. 

Visual  Observations  of  Nova  Auriga. 

It  is  stated  in  the  Observatory  for  March,  1901,  (p.  127,)  that 
Anderson's  new  star  of  1892  in  Auriga  4<  has  not  been  seen  for 
many  years";  a  statement  perhaps  implying,  from  its  context, 
that  Nova  Auriga  has  been  invisible. 

This  star  was  looked  for  by  Mr.  Aitken  and  myself  with  the 
36-inch  refractor  on  the  evening  of  April  4,  1901,  and  was  found 
without  difficulty,  though  the  sky  was  hazy  and  strongly  illumined 
by  the  full  moon.  The  Nova  was  fainter  by  0.2  magnitude  than 
Burnham's  comparison-star  I  (chart  in  Mon.  Not.,  R.  A.  S.  for 
April,  1892,)  and  considerably  brighter  than  comparison-star  J. 
Its  magnitude  was  estimated  to  lie  at  one  fourth  the  distance  from 
that  of  I  to  that  of  J.  That  is,  the  Nova  was  estimated  to  be  of 
the  1 2th  magnitude  on  Burnham's  scale. 

The  same  peculiarities  of  focus  existed  as  in  previous  years; 
and  no  doubt  the  spectrum  is  still  nebular.  No  opportunity  was 
available  for  making  direct  spectroscopic  observations. 

My  last  previous  observation  was  in  August,  1898,  when  Nova 
Auriga  was  of  the  nth  magnitude. 

The  brightness  of  the  Nova  at  its  second  discovery,  in  August, 
1892,  was  10.5  magnitude.  W.  W.  Campbell. 

The  Crocker  Eclipse  Expedition  to  Sumatra. 

The  Crocker  Eclipse  Expedition  from  the  Lick  Observatory  to 
Sumatra,  in  charge  of  Acting  Astronomer  C.  D.  Perrine,  arrived 
at  Padang  on  April  5th,  with  the  instruments  and  other  freight  in 
good  condition.  After  a  preliminary  survey  of  the  surrounding 
country,  Professor  Perrine  decided  to  locate  the  observing- 
station  on  the  plains  rather  than  in  the  mountains,  as,  from  his 
own  observations  and  from  the  experience  of  scientific  residents 
of  Padang,  the  cloud  conditions  were  considered  more  favorable 
at  the  lower  altitudes.  The  station  was  located  just  outside  the 
northern  edge  of  the  city,  on  the  abandoned  racetrack.  Prepara- 
tions for  mounting  and  adjusting  the  instruments  were  proceeded 
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with  rapidly,  and  volunteer  observers  were  arranged  for  shortly 
after  the  arrival  of  the  party.  No  doubt  Professor  Perrine  had 
the  instruments  in  complete  preparation  and  the  assistants  thor- 
oughly drilled  by  the  time  of  the  eclipse. 

A  cablegram  received  at.  the  Lick  Observatory  on  May  18th 
stated  that  at  the  time  of  totality  considerable  interference  from 
clouds  was  experienced;  but  the  hope  was  expressed  that  useful 
results  had  been  obtained.  A  later  cablegram,  on  May  24th, 
presumably  after  the  photographic  plates  had  been  developed, 
contained  the  gratifying  information  that  some  results  had  been 
obtained  with  all  the  instruments.  No  doubt  the  exposures  of  the 
photographic  plates  were  made  according  to  programme;  and  the 
natural  interpretation  of  the  two  cablegrams  is  that  the  successful 
photographs  were  obtained  in  the  intervals  between  clouds  floating 
over  the  Sun. 

Further  information  concerning  the  details  of  the  results  is  not 
expected  until  about  July  10th,  when  Professor  Perrine' s  letters 
will  probably  arrive. 

Inasmuch  as  this  eclipse  was  of  unusually  long  duration,  it  is 
hoped  that  the  results  will  compare  in  quantity  and  quality  v4ry 
favorably  with  those  secured  at  the  eclipses  of  short  duration  in 
1893  and  1900.  W.  W.  Campbell. 

Astronomical  Telegrams. 
(Translations,) 
Cambridge,  Mass.,  Apr.  26,  1901. 
To  Lick  Observatory:  (Received  1:00  p.m.) 

Kiel  cables  that  a   very   bright   comet    was   discovered  by 

Halls  at  Queenstown,  April  23;  it  was  observed  at  the  Cape  of 

Good  Hope  on  April  24.712  Greenwich  M.  T.  in  R.  A.  ih  30™  4"; 

Declination  -f-  30  27';  approximate  observation,  sent  by  Gill. 

(Signed)         Edward  C.  Pickering. 

Boston,  Mass.,  May  3,  1901. 
To  Lick  Observatory:  (Received  1:40  p.m.) 

Arequipa  cables  a  very  bright  comet  seen  in  R.  A.  3h  30°; 
Declination  south  i°.     Probably  Thursday  morning. 

(Signed)  John  Ritchie,  Jr. 

[A  letter  received  later  from  Harvard  College  Observatory 
indicates  that  the  comet  was  seen  at  Arequipa  on  the  evening  oi 
Thursday,  May  2,  at  1  ik  35"  G.  M.  T.] 
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Cambridge,  Mass.,  May  7,  1901. 
To  Lick  Observatory:  (Received  11:40  a.m.) 

Kiel  cables  that  the  bright  comet  discovered  in  the  South 
will  appear  in  the  Northern  Hemisphere.  It  was  observed  at  the 
Cape  of  Good  Hope  on  May  3.2115  G.  M.  T.  in  R.  A.  3h  40™ 
32\4;  Decl.  — o°  31'  49";  and  on  May  4.2187  G.  M.  T.  in  R.  A. 
3*  54m  29V  2;  Decl.  — o°  18'  27".  The  comet  is  circular,  less 
than  1'  in  diameter,  brighter  than  third  magnitude,  with  well- 
defined  nucleus,  and  tail  longer  than  20. 

(Signed)        E.  C.  Pickering. 

Cambridge,  Mass.,  May  10,  1901. 
To  Lick  Observatory: 

Kiel  cables  that  elements  and  ephemeris  of  Comet  a  1901 
were  computed  by  Kreutz,  from  the  observations  of  April  24, 
May  3,  and  May  4,  as  follows: 

T  =  April  24.22  G.  M.  T. 

Ecliptic  and 
mean  Equinox  for  1 901.0. 

nat.  q  =  0.2446 

(Signed)        E.  C.  Pickering. 

[The  ephemeris  is  here  omitted.] 


1  =  -npm  24.22  o.  j 

(u  =  202°  50'  ") 

O  =  109    57  [■ 

i=  131    26  ) 


Lick  Observatory,  Mt.  Hamilton,  Cal., 
To  Harvard  College  Observatory,  May  15,  1901. 

Cambridge,  Mass.:  (Sent  10:15  p.m.) 

The  comet  discovered  at  Queenstown  was  observed  by  Aitken 
on  May  15.6668  G.  M.  T.  in  R.  A.  5b  38*  25'.  8;  Decl.  +  30 
52'  12".  (Signed)       R.  H.  Tucker,  in  charge. 

Cambridge,  Mass.,  May  8,  1901. 
To  Lick  Observatory:  (Received  12:50  p.m.) 

The  variation  in  the  light  of  Eros,  Wendell,  observer,  is 
now  zero.  (Signed)        E.  C.  Pickering. 


GENERAL    NOTES. 


Member*  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
arrvin*  out  the  work  of  this  department.    Communications  of  general  interest  will  be 
and  may  be  sent  to  Sidney  D.  Towklby,  3033  Bancroft  Way,  Berkeley, 


California. 


B.  C.  134. 

Scorpio* 

827. 

A.  D.  123. 

Ophiuchus. 

10 1 2. 

173. 

Centaurus. 

1203. 

386. 

Sagittarius. 

123a 

389. 

Aquila. 

1572. 

393. 

Scorpio. 

1604. 

The  appearance  of  the  new  star  in  the  constellation  Perseus 
aroused  considerable  interest  in  the  astronomical  world,  such 
objects  being  rare  in  the  history  of  astronomy.  According  to  an 
article  in  The  Observatory  for  March,  there  are  only  about  a 
score  on  record,  as  the  following  list,  taken  from  Miss  Clerks' s 
"System  of  the  Stars"  will  show.  The  date  of  the  discovery 
and  the  constellation  in  which  they  appeared  are  given: — 

Scorpio.  1670.  Vulpecula 

Aries.  1848.  Ophiuchus. 

Scorpio.  i860.  Scorpio. 

Ophiuchus.  1866.  Corona. 

Cassiopeia.  1876.  Cygnus. 

Ophiuchus.  1885.  Andromeda. 

To  these  must  be  added  the  Nova*,  in  Auriga,  1892,  in 
Norma,  1893;  in  Carina,  1895;  m  Centaurus,  1895;  "*  Sagit- 
tarius, 1898;  and  in  Aquila,  1899;  the  four  from  1893  to  1898 
having  been  discovered  photographically  by  the  Harvard 
observers.  The  fact  that  the  later  years  have  witnessed  the 
discovery  of  a  greater  number  of  such  stars  is  but  a  natural 
result  of  the  greater  number  of  observers  and  the  fact  that  in 
earlier  times  only  the  brighter  Nova  were  observed  and 
recorded. 

To  find  a  parallel  to  the  present  case  of  Nova  Persei,  it  is 
necessary  to  go  back  to  the  year  1604,  when  the  star  known  as 
Kepler's,  but  discovered  by  Brunowski,  appeared  as  bright 
as  Jupiter.  Tycho's  star,  in  1572,  was  first  seen  as  bright  as 
Jupiter  and  increased  quickly,  so  that  it  became  equal  to  Venus; 
the  star  in  1203  is  said  to  have  been  equal  to  Saturn,  and  others 
in  the  list  were  equally  conspicuous.  The  appearance  of  these 
was,  in  general,  very  sudden.  It  is  of  interest  to  note  that  all 
of  these  stars  with  the  exception  of  the  stars  of  10 12  and  1866 
lay  in  or  close  to  the  Milky  Way.  The  star  of  i860  appeared 
suddenly  as  a  7th-magnitude  star  in  the  middle  of  a  nebula  or 
close  cluster  (Dreyer  6093),  and  the  star  in  Andromeda  was  seen 
by  Dr.  Hartwig  on  August  31,  1885,  as  a  nucleus  to  the  well- 
known  nebula. 
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Sir  William  Huggins  pronounced  the  spectrum  of  T  Corona 
to  be  due  to  glowing  hydrogen,  as  though  it  were  a  sun  like  our 
own,  with  very  exaggerated  prominences.  The  star  Nova  Cygni, 
as  seen  by  Vogel,  had  at  first  a  spectrum  nearly  continuous, 
crossed  by  bright  lines  due  to  hydrogen,  and  by  others  due  to 
unknown  substances,  but  finally  became  similar  to  the  spectrum 
of  a  nebula. 

The  spectrum  of  the  Nova  in  Auriga  was  crossed  by  bright 
lines  due  to  hydrogen  and  other  elements,  but  also  by  dark  lines 
due  to  the  same  elements,  the  bright  and  dark  lines  being  dis- 
placed relatively  to  each  other.  This  was  interpreted  by  Professor 
Lockyer  and  others  as  an  evidence  of  relative  motion  of  two 
bodies;  and  from  this  it  was  assumed  that  two  bodies  had  col- 
lided and  that  the  outburst  of  heat  was  caused  by  the  loss  of 
kinetic  energy.  This  is  held  by  Professor  Lockyer  to  be  true 
of  Nova  Persei.  Another  supposition  of  equal  weight  would  be 
that  the  spectrum  was  that  of  a  body  of  the  solar  type  from  which 
hydrogen  gas  was  emanating  with  the  velocity  shown  by  the  dis- 
placement of  the  lines,  some  700  miles  a  second,  which  is  not  an 
inconceivable  velocity.  This  latter  supposition  is,  however,  lack- 
ing in  the  fact  that  it  does  not  assign  a  cause  for  the  sudden 
outburst,  as  the  collision  theory  does. 

The  article  concludes  with  a  statement  of  the  present  status 
of  these  variable  stars.  The  star  of  Kepler  and  the  nucleus  in 
the  nebula  of  Andromeda,  as  well  as  Nova  Auriga*  have  dis- 
appeared, T  Corona  has  resumed  the  condition  it  was  in  before 
1866.  Nova  Cygni  was  seen  as  a  I5th-magnitude  star  in  1885, 
and  probably  remains  so  at  present.  There  is  reason  for  thinking 
that  Nova  Cygni  of  1670,  which  lasted  as  a  bright  star  until  1672, 
was  identical  with  the  nth-magnitude  star  found  by  Mr.  Hind 
in  1852.  

The  variability  of  the  light  of  the  planet  Eros,  noted  in  the 
last  issue  of  the  Publications,  has  been  investigated  by  M.  Andre, 
of  Lyons,  who  has  determined  its  period  and  advanced  an 
explanation  for  the  variation.  Combining  his  own  results  with 
those  of  Herr  Deichmueller  at  Bonn,  M.  Andre  announced 
that  the  variation  had  a  period  of  5h  i6m,  and  consisted  of  two 
waves.  The  second  wave  is  shorter  than  the  first  by  twenty-five 
minutes,  although  this  is  open  to  some  question.    Other  observers 


*  See  Professor  Campbell's  note  in  Notices  from  Lick  Observatory. 
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had  also  noted  the  variation  in  light,  but  had  fixed  the  period 
at  2k  37".  6,  or  nearly  one-half  of  the  double  period  given  by 
M.  Andr£. 

The  light  curve  is  almost  precisely  similar  to  those  of  B  Lyrce 
and  U  Pegasi,  the  variation  of  light  being  continuous  without 
any  flat  portion  to  the  curve,  as  in  stars  of  the  Algol  type.  The 
variation  is  at  least  a  magnitude,  some  observers  making  it  as 
much  as  1.5  or  2  magnitudes. 

M.  Andre  offers  as  an  explanation  of  the  variation  the  sup- 
position that  the  planet  is  double,  the  two  minima  being  caused 
by  the  occultation  of  one  of  the  pair  by  the  other.  He  gives  the 
elements  of  the  system,  the  semi-major  axis  of  relative  orbit  being 
but  slightly  greater  than  the  sum  of  radii.  The  dimensions  of  the 
two  bodies  are  as  3  to  2,  with  a  mean  density  of  the  system  of  2.4. 

At  Toulouse,  M.  L.  Montangbraud  allowed  the  planet  to 
trail  on  the  plate,  and  the  maxima  and  minima  could  thus  be 
located.  The  period  obtained  was  2k  38"  which  is  exactly  one- 
half  of  that  given  by  M.  Andr£. 

Mr.  Crommelin,  in  commenting  in  The  Observatory  on  the 
theory  advanced  by  M.  Andr£,  says:  "  It  is  scarcely  necessary 
to  say  that  this  hypothesis  is  only  given  provisionally  and  as 
affording  a  possible  explanation  of  the  light  curve.  The  idea  of  a 
double  minor  planet  is  an  utterly  unexpected  one,  and  one  that 
does  not  at  first  sight  commend  itself  as  at  all  probable.  But  if 
we  once  admit  the  initial  fact  that  Eros  in  February  was  subject 
to  variations  of  light  considerably  exceeding  a  magnitude, —  a 
fact  for  which  the  evidence  is  certainly  strong, — we  seem  almost 
driven  to  some  such  hypothesis  as  that  of  M.  Andr£.m 


A  note  in  the  Monthly  Notices  of  the  Royal  Astronomical 
Society  for  February,  1901,  summarizes  the  report  of  M.  Bou- 
quet upon  the  visual  observations  of  the  ten  expeditions  sent  out 
by  the  French  Academy  of  Sciences  to  observe  the  transit  of 
Venus  in  1882.  The  results  of  M.  Bouquet  appeared  in  Comptes 
Rendus  in  1899.  The  ten  different  expeditions  occupied  stations 
in  North  and  South  America,  separated  by  850  of  latitude,  while 
the  most  eastern  were  distant  but  30  of  longitude  from  the  most 
western.  The  best  determination  of  the  solar  parallax  was  there- 
fore to  be  determined  by  H alley's  method  from  observations  of 
second  and  third  contact.  The  final  result,  as  arrived  at  by  M. 
Bouquet,  was  8'\8o  for  the  solar  parallax. 
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In  the  same  issue  of  the  Monthly  Notices  a  review  is  given  of 
Volume  VIII,  Part  2,  of  the  "  Annals  of  the  Royal  Observatory 
Cape  of  Good  Hope,"  in  which  Dr.  David  Gill  publishes  the 
results  of  his  observations  of  stellar  parallax  in  the  Southern 
Hemisphere  made  since  1887. 

The  resulting  stellar  parallaxes  published  in  this  volume  are: — 

Star.  Mag.  Parallax.  Prob.  Error. 

Sirius — 1.   8  o".370  ±  o".oio 

Canopus  ......     —  1.  o  o  .000  ±  o  .010 

Rigel. 0.35  o  .000  ±  o  .010 

Achernar o.   5  o  .043  ±  o  .015 

/3  Centauri  ....  o.   8  o  .046  ±  o  .017 

a  Cruets 1.  o  o  .050  ±  o  .019 

Spica 1.   2    — o  .019  ±0  .010 

Formalhaut .  . .  1.   3  o  .130  ±0.014 

a  Scorpii 1.   3  0.021  ±0.012 

/3  Cruris 1.5  o  .000  ±  o  .008 

a  Gruis   1.  9  o  .015  ±0 .007 

3  Hydri 2.  9  o  .  134  ±  o  .007 

t  Ceti 3.   6  o  .310  ±  o  .012 

Lacaille  2957 . .  6.  o  o  .064  ±  o  .024 

P  XIV  212  ...  {  p6,  3         o  .167         ±0.008 
(  B  7,  9 

Z.  C.  V.  243  . .  8.  5        o  ,312         ±  o  .016 


A  Text- Book  of  Astronomy.     By  George  C.  Comstock, 
Director  of  the  Washburn  Observatory  and    Professor  of 
Astronomy  in  the  University  of  Wisconsin;    D.  Appleton  and 
Company,  New  York.     391  pages.     Cloth.     $1.30. 
Written  in  simple,  clear,  and  concise  language,  illustrated  by 
appropriate  and  well-constructed  figures,  made  interesting  by  apt 
and  homely  comparisons  and  useful  by  numerous  and  well-chosen 
exercises,  this  book  forms  a  welcome  addition  to  the  list  of  ele- 
mentary text-books  of  astronomy.      Professor  Comstock   has 
written  a  new  book,  and  has  not  merely  rearranged  the  material 
of  earlier  ones.     His  purpose  is  clearly  outlined  in  the  first  para- 
graph of  the  preface: — 

"  The  present  work  is  not  a  compendium  of  astronomy  or  an  outline 
of  popular  reading  in  that  science.  It  has  been  prepared  as  a  text-book, 
and  the  author  has  purposely  omitted  from  it  much  matter  interesting  as 
well  as  important  to  a  complete  view  of  the  science,  and  has  endeavored 
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to  concentrate  attention  upon  those  parts  of  the  subject  that  possess 
special  educational  value.  From  this  point  of  view  matter  which  permits 
of  experimental  treatment  with  simple  apparatus  is  of  peculiar  value  and 
is  given  a  prominence  in  the  text  beyond  its  just  due  in  a  well-balanced 
exposition  of  the  elements  of  astronomy,  while  topics,  such  as  the  results 
of  spectrum  analysis,  which  depend  upon  elaborate  apparatus,  are  in  the 
experimental  part  of  the  work  accorded  much  less  space  than  their 
intrinsic  importance  would  justify." 

Inspection  of  the  table  of  contents  shows  that  the  author  has 
departed  widely  from  the  conventional  methods  of  treating  the 
elements  of  the  subject,  especially  in  the  first  six  and  the  eighth 
chapters*  The  special  features  of  the  book  are  numerous  ques- 
tions scattered  throughout  the  text,  to  teach  the  student  to  think 
and  construct  as  well  as  to  read  and  assimilate;  and  many  exer- 
cises, in  the  nature  of  laboratory  work,  all  to  be  performed  with 
simple  apparatus,  easily  constructed  by  the  students  themselves. 
In  these  exercises  the  students  obtain  practice  in  the  three  funda- 
mental processes' of  all  practical  astronomy,  the  measurement  of 
time,  angle,  and  distance.  Although  the  exercises  are  numerous, 
still  the  author  has  not  exhausted  the  list,  and  might  with  profit 
have  given  more. 

It  would  have  been  well,  if  possible,  to  so  arrange  the  material 
that  the  exercises,  which  all  fall  in  the  first  five  chapters,  would  be 
more  distributed.  It  is  not  necessary,  of  course,  that  the  teacher 
present  the  material  in  just  the  order  given;  but  the  facts  are  that 
the  large  majority  of  teachers  will  present  it  in  that  way.  The 
author  has,  apparently,  purposely  avoided  all  reference  to  the 
Nautical  Almanac  and  American  Ephemeris.  The  wisdom  of  this 
is  open  to  question.  While  it  is  unnecessary  and  certainly  unwise 
to  introduce  the  Ephemeris  at  first,  and  thus  make  the  student 
dependent  upon  it,  still  I  think  it  equally  unwise  to  totally  exclude 
it.  An  explanation  of  the  Ephemeris  and  a  few  exercises  which 
demand  its  use  should,  I  think,  be  included  in  the  most  elementary 
course  in  practical  astronomy.  Any  school  in  which  astronomy 
is  taught  can  surely  afford  to  buy  one  of  these  books  each  year, 
and  any  person  capable  of  teaching  the  subject  should  be  able  to 
use  the  book  intelligently. 

Many  bits  of  good  advice  are  given  in  connection  with  the 
exercises.  On  page  3,  for  instance,  in  connection  with  a  measure- 
ment to  be  made,  we  find,  "  but  perfection  can  seldom  be  attained, 
and  one  of  the  first  lessons  to  be  learned  in  any  science  which 
deals  with  measurement  is,  that  however  careful  we  may  be  in 
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our  work,  some  minute  error  will  cling  to  it,  and  our  results  can 
be  only  approximately  true.  This,  however,  should  not  betaken 
as  an  excuse  for  careless  work,  but  rather  as  a  stimulus  to  extra 
effort  in  order  that  the  unavoidable  errors  may  be  made  as  small 
as  possible.'1 

A  point  to  be  commended  is  the  use  of  the  metric  system 
throughout  the  exercises.  In  the  descriptive  parts  of  the  text, 
however,  the  author  retains  the  English  units.  Perhaps  it  is  best 
to  break  away  gradually,  but  I  believe  no  criticism  would  have 
been  offered  if  the  metric  system  had  been  used  throughout. 

The  illustrations  and  figures  of  the  book  are  well  chosen,  and 
the  student  should  learn  something  from  each.  Very  few,  if  any, 
have  been  inserted  for  pictorial  effect  Among  the  figures  which 
deserve  special  mention  are  numbers  16  and  17  from  which  the 
position  of  any  of  the  five  brighter  planets  may  be  determined  for 
a  number  of  years;  number  23,  which  ingeniously  illustrates  the 
tide-raising  forces;  number  54,  illustrating  the  Moon's  rotation; 
number  121,  illustrating  the  determination  of  the  parallax  of  the 
fixed  stars. 

Of  the  many  apt  illustrations  contained  in  the  book,  the  follow- 
ing (page  121)  is  one  of  the  best: — 

"  Every  such  timepiece,  whether  it  be  of  the  nutmeg  variety  which 
sells  for  a  dollar,  or  whether  it  be  the  standard  clock  of  a  great  national 
observatory,  is  made  up  of  the  same  essential  parts,  which  fall  naturally 
into  four  classes,  which  we  may  compare  with  the  departments  of  a  well- 
ordered  factory :  I.  A  time-keeping  department,  the  pendulum  or  balance- 
spring,  whose  oscillations  must  all  be  of  equal  duration.  II.  A  power 
department,  the  weights  or  mainspring,  which,  when  wound,  store  up 
the  power  applied  from  outside  and  give  it  out  piecemeal  as  required  to 
keep  the  first  department  running.  III.  A  publication  department,  the 
dial  and  hands,  which  give  out  the  time  furnished  by  department  I.  IV. 
A  transportation  department,  the  wheels  which  connect  the  other  three 
and  serve  as  a  means  of  transmitting  power  and  time  from  one  to  the 
other.  The  case  of  either  clock  or  watch  is  merely  the  roof  which  shel- 
ters it  and  forms  no  department  of  its  industry.  Of  these  departments 
the  first  is  by  far  the  most  important,  and  its  good  or  bad  performance 
makes  or  mars  the  credit  of  the  clock." 

On  page  209,  in  speaking  of  the  law  of  the  Sun's  rotation  as 
"  very  peculiar  and  extraordinary,"  the  author  gives  a  new  lease 
of  life  to  a  long-standing  misconception.  Is  there  anything 
peculiar  or  extraordinary  in  the  fact  that  the  particles  of  a  gaseous 
body  move  differently  under  the  forces  of  rotation  than  do  the 
particles  of  a  solid  body  ?     Would  it  not  rather  be  peculiar  and 
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extraordinary  if  a  gaseous  body  did  rotate  in  the  same  way  as  a 
solid  one?  A  few  years  ago  Dr.  Wilczynski,  in  "  Hydrodyna- 
mische  Untersuchungen  mit  Anwendungen  auf  die  Theorie  der 
Sonnenrotation,"  showed  that  the  law  of  the  Sun's  rotation  was 
only  one  of  an  infinite  number  of  ways  in  which  a  gaseous  body 
might  rotate. 

The  last  chapter,  "  Growth  and  Decay/'  deserves  special 
mention.  It  is  a  conservative  philosophic  exposition  of  the  best 
theories  of  solar  and  sidereal  evolution,  and  although  not  out  of 
place  in  a  high-school  text,  it  might  well  form  a  part  of  a  larger 
treatise. 

The  work  of  the  publishers  has  been  most  excellently  done, 
and  the  book,  as  a  whole  is,  I  think,  the  best  elementary  astron- 
omy yet  published.  S.  D.  T. 

The  Directors  of  the  Benjamin  Apthorp  Gould  Fund 
announce  that  the  following  grants  have  been  made:  To  Mr. 
Tohn  A.  Parkhurst,  $30;  to  Dr.  Herman  S.  Davis,  $500; 
to  Mr.  Paul  S.  Ykndell,  $225;  to  Professor  Simon  New- 
comb,  $25.  A  considerable  additional  amount  of  income  has 
accrued,  for  the  distribution  of  which  applications  are  awaited. 
In  addition  to  the  above  call  for  applications  the  Directors, 
desiring  to  stimulate  the  participation  of  American  astronomers 
in  the  attempt  to  bring  up  the  arrears  of  cometary  research,  offer 
to  them  the  sum  of  $500  for  computation  of  the  definitive  orbits  of 
comets  (see  list  in  A.  /.,  493,  p.  104);  this  sum  to  be  distributed 
at  the  average  rate  of  $  100  for  each  computation, —  the  amount 
to  vary  according  to  the  relative  difficulty  of  the  computation, 
and  to  be  determined  by  the  Directors  of  the  Gould  Fund. 
Computers  should  promptly  notify  the  Directors  (Professors 
Lewis  Boss  and  Asaph  Hall  and  Dr.  S.  C.  Chandler)  of 
their  participation  or  desire  to  participate,  and  manuscripts  should 
be  submitted  not  much  later  than  July  1,  1902. 


The  degree  of  Doctor  of  Philosophy  was  recently  conferred 
by  the  University  of  California  upon  two  students  of  astronomy. 
Mr.  R.  T.  Crawford,  for  three  years  Fellow  at  the  Lick 
Observatory,  presented  Astronomy  as  his  major  subject,  and 
Mathematics  and  Physics  as  his  minors.  His  thesis  was  entitled, 
14  Determination  of  the  Constant  of  Refraction  from  Observa- 
tions made  with  the  Repsold  Meridian-Circle  of  the  Lick  Observa- 
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tory."  Mr.  F.  E.  Ross,  Fellow  at  the  Lick  Observatory  in 
1898-99,  presented  Mathematics  as  his  major,  and  Astronomy 
and  Physics  as  his  minors.  His  thesis  was  "On  Differential 
Equations  belonging  to  a  Ternary  Linearoid  Group." 


The  meeting  of  the  Board  of  Directors  of  the  Astronomical 
Society  of  the  Pacific,  and  the  meeting  of  the  Society  itself, 
which  were  to  be  held  at  the  Lick  Observatory  on  June  8th, 
were  adjourned,  without  transacting  business,  for  lack  of  a 
quorum. 
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NOTICE. 

The  attention  of  new  member*  is  called  to  Article  VI II  of  the  By-Law*,  which  provides 
that  the  Annual  subscript  ion,  paid  on  election,  covers  the  calendar  year  only.  Subsequent 
annual  payments  are  due  on  January  1st  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  bwolt- keeping  as  simple  us  possible,  Uues  sent  by  mall 
should  be  directed  to  Astronomical  Society  of  the  Pacific,  819  Market  Street.  San  Francisco* 

It  is  intended  thai  each  member  of  the  Society  shall  receive ■  copy  of  each  one  of  the 
Publication!  for  the  year  in  which  he  was  elected  to  membership  and  for  all  subsequent 
years,  If  there  have  been  (unfortunately)  Rny  omissions  in  this  Matter,  it  is  requested  that 
the  Secretaries  be  at  cute  noli  tied,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Public  at  tr/nt  of  the  Society  as  sent  to 
them.  Onceeacn  year  a  title-page  and  contents  of  the  preceding  numbers  will  also  he  sent 
to  the  mem  hers,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
Is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries-  Anr 
non-resident  member  within  the  United  States  ran  obtain  books  from  the  Society's  lihrarv 
bv  sending  his  library  card  with  ten  cents  in  stamps  to  the  Secretary  Af  S.  P.,  819  Market 
Street,  San  Francisco,  who  will  return  the  hook  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  In  which  papers  are 
printed  in  the  Publications  is  decided  simply  by  convenience.  In  a  general  way,  those 
papers  areprinted  first  which  arc  earliest  accepted  for  publication.  It  is  not  possible  to 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  Stales.  The  responsibility  for  the  views  expressed  in  the  papery  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  will 
send  to  any  member  of  the  Society  suitable  stationery,  lumped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows:  a  block  of  Utter  paper,  40  coats;  or  note  paper,  25  cents; 
a  package  of  envelopes,  ascents.  These  prices  include  postage,  and  should  be  remittee! 
by  money-order  or  in  U,  S.  postage  stamps.    The  send  ings  are  at  the  risk  of  t  he  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  "The  Secretary  Astronomical  Society  of  the  Pacific" 
at  the  rooms  of  the  Society,  819  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  etc. 
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Vol.  XIII.     San  Francisco,  California,  October  i,  1901.     No.  80. 

THE    KIRKWOOD   OBSERVATORY   OF   INDIANA 
UNIVERSITY. 


By  John  A.  Miller,  Director. 


At  its  November  meeting  of  1899,  the  board  of  trustees  of 
Indiana  University  appropriated  a  sum  of  money  for  the  purchase 
of  a  telescope  and  some  accessories,  and  for  the  erection  of  an 
observatory.  The  design  of  the  board,  that  this  equipment  is  to 
be  used  in  part  for  instruction  and  in  part  for  purposes  of  research, 
determined  largely  the  character  of  the  instruments  afterwards 
purchased. 

The  observatory,  a  cut  of  which  appears  on  the  opposite  page, 
is  built  of  Indiana  limestone,  in  which  this  region  abounds,  and 
was  completed  last  winter.  It  contains  six  rooms  —  a  library 
and  computing-room;  a  lecture- room,  which  may  be  darkened 
at  any  time,  equipped  with  a  Colt  electric  lantern,  lantern-slides, 
and  other  illustrative  apparatus;  a  convenient  dark-room;  a 
transit-room;  the  dome-room,  and  a  room  similar  to  it  and  im- 
mediately below  it. 

The  skeleton  of  the  dome,  which  is  twenty-six  feet  in  diameter, 
is  of  white  pine,  and  is  built  according  to  plans  furnished  by 
Messrs.  Warner  &  Swasey,  who  also  furnished  the  running 
mechanism.  It  is  covered  with  tin.  The  performance  oi  both 
dome  and  shutter  is  entirely  satisfactory.  In  the  dome-room  is 
mounted  a  twelve-inch  refractor.  The  objective  is  by  Brashear, 
and  is  of  high  optical  excellence,  giving  star-images  which  are 
free  from  fringes  or  distortion  and  on  a  black  field.  The  mount- 
ing is  by  Warner  &  Swasey.  It  is  provided  with  coarse  and 
fine  circles  in  both  Declination  and  Right  Ascension,  the  fine 
ones  being  provided  with  reading- microscopes  and  electric  illumi- 
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nation.  The  star-dial,  from  which  the  Right  Ascensions  can  be 
read  directly,  is  of  almost  indispensable  convenience.  The 
driving-clock  drives  regularly,  and  the  entire  mounting  is  of  the 
highest  mechanical  excellence.  The  telescope  has  as  accessories 
a  micrometer,  by  Warner  &  Swasey,  provided  with  electric 
illumination;  a  polarizing  helioscope,  and  a  battery  of  positive 
and  negative  eye-pieces.  The  transit-room  contains  a  small 
universal  instrument  by  Bamberg,  a  chronograph  by  Fauth 
ft  Company,  a  Bond  sidereal  chronometer,  and  a  sidereal  clock. 

These  instruments,  together  with  a  portrait  lens  of  five  inches 
aperture  and  a  Browning  equatorial  of  four  inches  aperture,  which 
for  many  years  have  been  the  property  of  the  university,  consti- 
tute a  nucleus  around  which  the  university  authorities  hope  to 
collect  a  more  complete  equipment 

The  observatory  bears  the  name  of  Dr.  Daniel  Kirkwood, 
the  eminent  astronomer,  who  for  nearly  half  a  century  was  a 
member  of  the  faculty  of  the  university,  and  who  by  his  manly 
qualities  won  the  lasting  esteem  of  his  students  and  colleagues, 
and  by  his  devotion  to  his  science  a  lasting  name  among  his 
contemporaries. 

The  observatory  was  formally  dedicated  on  May  15,  1901. 
The  dedicatory  address  was  given  by  Professor  W.  J.  Hussey, 
Astronomer  in  the  Lick  Observatory.  He  spoke  of  "Astronomy 
and  Modern  Life."  President  Joseph  Swain  spoke  of  "  Per- 
sonal Recollections  of  Dr.  Kirkwood." 

We  of  the  observatory  take  this  opportunity  to  acknowledge 
our  obligations  to  Professor  Hussey  for  his  thoughtful  address 
and  his  kindly  interest  in  our  equipment. 


DANIEL   KIRKWOOD.* 


By  Joseph  Swain. 


At  Riverside  in  California  there  died  in  his  eighty-first  year 
an  aged  man  who  was  of  more  interest  to  the  people  who  have 
known  him  and  loved  him  (for  to  have  known  him  was  to  love 
him)  than  all  the  groves  of  orange  and  palm-trees,  than  all  the 

•  An  address  delivered  at  the  dedication  of  the  Kirkwood  Observatory,  University  of 
Indiana,  May  15,  1901. 
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snow-capped  mountains,  the  Italian  skies,  the  unequaled  climate, 
or  magnificent  landscapes  of  that  favored  land.  It  is  of  this 
venerable  man  I  wish  to  speak  to  you  on  this  occasion. 

The  city  of  Riverside  covers  several  square  miles  of  territory 
and  has  hundreds  of  orange-groves  and  vineyards  within  its 
corporate  limits.  In  one  of  these  groves,  seven  acres  in  extent, 
lived  Daniel  Kirkwood,  the  subject  of  this  sketch. 

While  Professor  Kirkwood  passed  his  declining  years  in  the 
picturesque  surroundings  of  Southern  California,  it  is  not  there 
that  he  made  his  name  and  lived  the  best  part  of  his  life.  His 
twenty-seven  years  of  active  service  in  the  interest  of  manhood, 
science,  and  higher  education  in  general  in  Indiana  are  the 
brightest  and  best  years  of  his  life. 

The  esteem  in  which  Dr.  Kirkwood  was  held  in  Blooming- 
ton  is  indicated  by  the  fact  that  the  street  leading  to  the  univer- 
sity bears  his  name,  and  that  every  old  citizen  points  out  with 
evident  pride  the  house  in  which  he  lived  on  the  corner  of  Col- 
lege Avenue  and  Tenth  Street.  Indiana  University  has  appro- 
priately expressed  its  appreciation  by  naming  one  of  the  halls  in 
his  honor  and  also  the  new  astronomical  observatory. 

Daniel  Kirkwood  was  of  Scotch- Irish  descent,  his  grand- 
father coming  from  Ireland  in  1771,  and  settling  in  Delaware. 
His  parents,  John  and  Agnes  (Hope)  Kirkwood,  were  both 
born  in  this  country.  Professor  Kirkwood  was  born  in  Hartford 
County,  Maryland,  September  27,  18 14.  His  early  life  was 
spent  on  the  farm,  his  first  attendance  at  school  being  in  his  native 
county.  Having  litde  taste  for  farming,  he  entered  the  York 
County  Academy,  at  York,  Pennsylvania,  in  1834.  He  had 
taught  a  country  school  at  Hopewell,  York  County,  the  previous 
year.  A  pupil  in  this  school  wishing  to  study  algebra,  asked 
young  Kirkwood  to  instruct  him.  A  copy  of  Bonnycastle's 
algebra  was  secured,  and  the  two  studied  together,  Mr.  Kirk- 
wood leading  the  way.  Professor  Brunnow,  at  one  time  pro- 
fessor of  astronomy  at  Ann  Arbor,  once  had  a  class  of  one  in 
mathematical  astronomy  consisting  of  the  afterward  famous  Pro- 
fessor Watson.  Professor  Brunnow  said  he  had  never  had  so 
fine  a  class  as  this  one  either  before  or  since.  It  is  safe  to  say  that 
no  class  of  one  ever  had  a  more  inspiring  teacher  of  algebra  than 
this  young  man  in  1833  at  Hopewell  in  Pennsylvania,  for  the 
young  Kirkwood  must  have  come  to  his  first  lessons  in  algebra 
with  all  the  enthusiasm  of  youth  and  the  ardor  of  "  love  at  first 
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sight"  He  was  elected  first  assistant  and  mathematical  instructor 
in  York  County  Academy  in  1838.  While  here  he  trained  many 
students  in  mathematics,  one  of  whom,  Samuel  R.  Franklin, 
afterward  became  superintendent  of  the  Observatory  at  Wash- 
ington. Professor  Kirk  wood  resigned  his  position  in  1843  to 
accept  the  principalship  of  the  Lancaster  High  School,  Pennsyl- 
vania, and  a  few  years  later  he  became  principal  of  the  Pottsville 
Academy.  In  1845  he  was  married  to  Miss  Sarah  A.  McNair, 
of  Newton,  Bucks  County,  Pennsylvania.  He  was  professor  of 
mathematics  in  Delaware  College  from  1851  to  1856.  the  last  two 
years  being  its  president  In  speaking  to  me  one  day  about  this 
period  of  his  presidency,  he  said,  "  Concerning  that,  the  less  said 
the  better."  He  evidently  did  not  enjoy  the  responsibility  of  the 
president's  position.  He  was  a  student  and  teacher,  and  set  a 
noble  example  which  cannot  be  overestimated,  but  he  did  not  like 
to  assume  or  use  authority.  He  was  always  the  embodiment  of 
loyalty  to  the  institution  he  served,  but  begged  to  be  excused  from 
anything  which  brought  him  into  public  notice.  He  shrank  intui- 
tively from  public  gaze  or  appreciation.  This  was  so  strong  that 
he  could  hardly  be  induced  to  give  a  public  lecture,  and  never  an 
impromptu  address.  I  remember  at  one  time  there  was  a  public 
gathering  in  the  College  Chapel  at  Bloomington.  Some  im- 
promtu  speeches  had  been  made,  and  Dr.  Kirkwood,  being 
immensely  popular  with  the  students,  was  called  upon  by  them 
to  make  a  speech.  The  President  of  the  University,  who  was 
presiding,  stepped  to  him  and  asked  him  if  he  would  not  respond. 
He  begged  to  be  excused,  and  asked  the  President  to  say  that  as 
he  had  often  excused  the  students  from  recitations  in  the  class- 
room, he  trusted  they  would  now  excuse  him.  This  created  a 
laugh  at  the  expense  of  the  students,  and  they  did  not  call  on 
him  again  that  day. 

He  was  a  member  of  the  Presbyterian  Church,  and  was  always 
a  faithful  attendant  at  its  services.  He  was  a  teacher  in  the 
Sunday-school.  For  many  years  he  taught  a  class  of  boys  from 
twelve  to  fourteen  years  of  age.  I  remember  once  he  told  me, 
with  evident  gratification,  that  these  boys  decided  that  they  would 
not  have  any  other  teacher  when  he  went  away.  He  was  a  great 
reader  of  the  Bible,  preferring  to  read  it  in  the  Greek.  In  Nor- 
throp's  book,  "A  Cloud  of  Witnesses,"  there  is  a  letter  from 
Dr.  Kirkwood  which  explains  itself.     It  is  as  follows  : — 

"I  am  asked  to  give  my  opinion  of  Christ  and  the  Bible.  Let  me 
say  in  answer  to  the  old  question,  '  What  think  ye  of  Christ  ? '  that  his 
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name  is  above  every  name.  I  regard  him  as  the  Divine  Saviour  of  men. 
I  accept  him  as  my  Saviour,  and  place  all  my  hope  of  Salvation  in  him. 
I  accept  the  Scriptures  as  a  revelation  of  what  man  is  to  believe  concern- 
ing God,  and  what  duty  God  requires  of  man." 

Professor  Kirkwood  deplored  the  fact  that  there  has  been 
a  tendency  to  skepticism  among  some  scientific  men.     He  says  : 

"It  will  be  noted,  however,  by  careful  observers  that  this  tendency 
is  more  distinctly  marked  among  specialists,  men  whose  minds  have 
been  biased  by  continued  and  almost  exclusive  devotion  to  physical 
research,  while  the  claims  of  Christianity  and  the  evidence  of  its  truth 
have  been  persistently  ignored.  But  our  own  time  is  no  exception  to 
the  historic  fact  that  in  all  ages  minds  of  the  broadest  culture  have 
accepted  Christianity.*' 

He  thought  there  is  no  necessary  antagonism  between  physi- 
cal science  and  Christianity,  and  the  study  of  physical  science 
was  not  of  necessity  prejudicial  in  the  studetit  himself  to  a  per- 
sonal acceptance  of  Christianity.  Dr.  Kirkwood  had  a  profound 
belief  in  God  and  his  controlling  influence  over  the  affairs  of 
men.  I  remember  being  present  at  a  certain  organization  when 
resolutions  of  sympathy  were  being  passed  on  account  of  the 
death  of  a  certain  young  man.  Dr.  KiRKWOod  had  written  the 
resolutions  and  had  read  them  to  the  meeting.  A  member  of 
the  meeting  objected  to  the  form  of  his  expressions  as  hackneyed 
and  the  sentiment  as  not  being  in  accordance  with  the  belief  of 
all  men.  Dr.  Kirkwood  said  with  courtesy  but  decision  and 
the  emphasis  of  deep  conviction,  "  I  believe  just  that."  He  said 
no  more,  but  the  resolution  was  adopted  as  read. 

I  quote  the  following  from  an  article  by  Professor  Aley: — 

"  His  study  of  the  stars  has  strengthened  his  belief  in  God.  To 
his  mind,  with  its  faith  strengthened  by  a  firm  grasp  of  the  mightiest 
works  of  God,  unbelief  is  impossible,  and  he  can  hardly  understand 
how  honest  unbelief  can  exist  in  another.  Some  years  ago  he  gave  a 
beautiful  demonstration  before  a  class.  A  student  asked :  '  Is  that 
always  true  ? '  '  Yes,'  said  he,  '  as  true  as  that  there  is  a  God  in  heaven.' 
'  But,'  said  the  student,  'what  would  you  say  to  him  who  does  not  believe 
in  God  ? '  Straightening  up  to  his  full  height,  and  with  glittering  eye  he 
said,  '  I  would  try  to  keep  my  temper  and  get  away  as  quickly  as  possi- 
ble.' The  writer  well  remembers  his  first  visit  to  Bloomington.  He 
went  into  a  barber-shop,  and,  as  it  was  a  rainy  day,  there  was  quite  a 
crowd  of  loafers,  white  and  black,  professional  men  and  day  laborers. 
By  chance  the  conversation  changed  to  men.  Every  man  present  found 
his  ideal  in  Daniel  Kirkwood.  No  man  ever  received  a  higher  tribute 
of  praise.  His  life  was  so  simple,  so  pure,  and  so  true  that  the  student, 
the  philosopher,  and  the  common  man  can  all  find  in  him  the  ideal." 
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A  friend  of  mine  once  lived  for  a  time  in  Dr.  Kirkwood' s 
house.  One  evening  something  attracted  his  attention  in  the 
next  room.  He  listened  and  found  Dr.  Kirkwood  was  reading 
the  Scriptures  aloud  to  his  wife.  The  reading  was  followed  by 
a  solemn  prayer.  My  friend  thought  to  himself:  "Here  is  a 
genuine  Christian.  He  is  following  the  teaching  of  Christ  — 
'  But  thou  when  thou  prayest,  enter  into  thy  closet,  and  when 
thou  hast  shut  thy  door,  pray  to  thy  Father  which  is  in  secret, 
and  thy  Father  which  seeth  in  secret  shall  reward  thee  openly.'  " 

The  domestic  life  of  Dr.  Kirkwood  was  very  beautiful.  He 
was  at  his  best  at  home.  His  fireside  was  as  attractive  to  him 
as  his  study.  His  wife  was  a  quiet,  domestic  woman,  who  found 
her  chief  enjoyment  in  her  home  and  with  her  friends.  She  was 
only  interested  in  the  scientific  work  of  her  husband  as  a  loving 
and  dutiful  wife  who  was  interested  in  everything  connected  with 
him.  She  was  the  devoted  helper  of  a  truly  great  man.  When 
visitors  happened  in,  she  always  wanted  him  to  talk  to  them  and 
entertain  them.  She  felt  that  she  had  done  her  part  if  she 
encouraged  him  to  talk.  On  such  an  occasion  it  was  a  genuine 
pleasure  to  see  the  enjoyment  she  derived  from  his  conversation. 

Professor  Kirkwood  was  first  introduced  to  the  scientific 
world  by  the  publication,  in  1849,  of  his  analogy  between  the 
periods  of  the  rotations  of  the  primary  planets.  The  statement 
of  the  law  is  as  follows  :  The  square  of  the  number  of  rotations 
made  by  a  planet  during  one  revolution  around  the  Sun  is  pro- 
portional to  the  cube  of  the  diameter  of  .its  sphere  of  attraction. 
Proctor,  the  eminent  English  astronomer,  gave  Kirkwood  the 
name  of  "the  Kepler  of  America,' '  after  the  announcement 
of  Kirk  wood's  Law.  This  was  fitting,  as  the  form  of  the  law 
is  similar  to  Kepler's  Third  Law:  The  square  of  the  number 
of  the  revolutions  of  a  planet  is  proportional  to  the  cube  of  its 
mean  distance  from  the  Sun.  Indeed,  the  form  of  the  Law  of 
Kepler  first  suggested  to  Dr.  Kirkwood  the  form  of  this  law. 
This  law  has  always  been  regarded  by  mathematicians  as  a  con- 
firmation of  the  Nebular  Hypothesis.  ,  The  law  is  an  empirical 
one,  and  has  never  been  demonstrated  by  rigid  mathematical 
analysis.  It  is  now  in  the  same  stage  of  Kepler's  Third  Law 
before  it  was  shown  to  be  the  direct  result  of  the  Law  of 
Gravity.  The  mathematician  who  is  able  to  give  it  a  rigid 
mathematical  demonstration  is  sure  of  remembrance  by  a  grate- 
ful posterity. 
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When  about  fifty  asteroids  were  known  in  the  solar  system, 
Professor  Kirkwood  conceived  the  notion  that  in  those  spaces 
where  simple  commensurability  with  Jupiter  occurs,  there  must 
be  gaps  in  the  asteroid  zone.  It  was  then,  however,  only  a 
theory,  as  the  number  of  asteroids  sufficient  for  its  verification 
were  not  known.  Yet  on  its  first  announcement  it  met  with 
favor,  and  Mr.  Proctor,  the  eminent  astronomer,  accepting 
Professor  Kirkwood* s  notion,  wrote  in  1870:  "We  may 
assume  that  when  many  more  asteroids  have  been  discovered, 
that  the  law  will  appear  more  distincdy."  The  number  of  aster- 
oids known  were  then  sufficient  only  to  indicate  the  law;  now 
the  number  discovered  and  orbits  computed  have  reached  450. 
Professor  Kirkwood  has  shown  that  these  gaps  actually  exist 
and  assigned  a  physical  cause  for  them.  He  originally  published 
his  discoveries  concerning  these  chasms  in  the  Proceedings  of 
the  American  Association  for  the  Advancement  of  Science  in 
1866.  Circumstances,  however,  which  need  not  here  be  stated, 
induced  Professor  Kirkwood  to  give  a  r6sum6  of  his  discussions 
in  the  Proceedings  of  the  American  Philosophical  Society  for 
1883.     From  this  paper  the  following  is  taken  : — 

"  In  those  parts  of  the  zone  of  minor  planets  where  a  simple  relation 
of  commensurability  would  obtain  between  the  period  of  an  asteroid 
and  that  of  Jupiter,  the  original  planetary  matter  was  liable  to  great 
perturbations.  The  result  of  such  disturbance  by  the  powerful  mass 
of  Jupiter  was  the  necessary  formation  of  gaps  in  the  asteroid  zone." 

Professor  Kirkwood  was  the  first  to  show  that  the  divisions 
of  Saturn's  rings  are  due  to  the  same  cause  as  the  gaps  in  the 
zone  of  asteroids.  The  treatise  of  Dr.  Meyer,  of  Geneva,  on 
Saturn's  rings  published  in  1883,  and  leading  to  the  same  or  a 
similar  result,  is  a  gratifying  confirmation  of  Professor  Kirk- 
wood's  discovery. 

He  has  contributed  nearly  two  hundred  articles  to  various 
scientific  and  popular  journals.  He  is  the  author  of  a  well-known 
book  on  comets  and  meteors,  as  well  as  an  earlier  book  on  mete- 
oric astronomy.  He  is  also  the  author  of  a  little  book  on  the 
asteroids.  He  was  at  one  time  mathematical  editor  of  the  Indiana 
School  Journal.  He  also  contributed  popular  articles  for  several 
years  to  the  Indianapolis  Journal.  The  astronomical  articles  in 
Appletoris  Annual  Encyclopaedia  were  written  for  several  years 
by  him.  The  Popular  Science  Monthly,  The  Analyst,  Ameri- 
can Journal  of  Science,  The  Sidereal  Messenger,  Nature,  and 
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other  journals,  were  always  glad  to  get  articles  from  his  pen. 
Dr.  Kirkwood's  writings  are  all  characterized  by  simplicity, 
brevity,  and  purity.  Such  ability  as  he  had  to  say  clearly  and 
forcibly  what  he  had  to  say  is  possessed  by  few. 

In  September  of  1889  he  asked  me  to  come  to  his  study  in 
the  afternoon.  I  went  and  found  that  he  wanted  to  see  me  about 
some  books.  He  thought  that  the  greater  part  of  his  library 
would  no  longer  be  useful  to  him,  and  that  it  should  be  placed 
where  it  would  be  of  most  service.  He  wanted  to  give  some 
books  to  the  college  library,  and  he  wanted  me  to  select  some 
that  the  university  should  buy.  We  found  among  his  books 
several  unpublished  manuscripts.  Professor  Green  and  I  sug- 
gested to  him  that  the  library  would  be  glad  to  get  these 
manuscripts,  but  he  refused.  They  were  manuscripts  that  he 
concluded,  after  mature  consideration,  he  would  not  publish, 
and  he  feared  their  future  publication  if  given  to  the  library,  so 
he  consigned  them  to  the  fire,  much  to  our  disappointment.  Dr. 
Kirkwood  once  having  a  clear  notion  of  what  he  wished  to  do, 
was  very  slow  to  alter  his  determination.  He  made  up  his  mind 
slowly  and  after  very  critical  examination  of  the  subject  in  hand, 
but  relied  upon  his  conclusion  when  reached.  Once  I  suggested 
to  him  that  he  should  have  all  his  writings,  scattered  in  numer- 
ous magazines,  collected  together  and  edited  during  his  lifetime, 
so  that  it  would  be  known  just  what  he  had  done,  and  his  articles 
would  then  be  much  handier  for  reference.  His  reply  was  this  : 
" Anything  that  deserves  to  live  will,  and  that  which  does  not 
deserve  it  ought  to  die.M  He  was  not  troubling  himself  about 
his  future  fame.  His  theory  was  that  if  he  had  not  done  anything 
worthy  of  future  reference  he  wanted  to  be  forgotten.  He  was 
not  troubled  by  any  thirst  for  a  false  and  fictitious  glory. 

Dr.  Kirkwood's  position  among  scientific  men  and  non- 
scientific  men  was  unusual.  He  had  the  respect  and  confidence 
of  both  alike.  The  most  selfish  man  seemed  to  lose  his  selfish- 
ness in  his  presence.  Every  one  seemed  to  instinctively  feel  that 
he  was  a  great  man,  and  a  criticism  upon  him  would  be  only 
acknowledging  one's  own  lack  of  appreciation.  While  it  is  as  a 
genial  and  good  man  that  most  of  the  people  who  have  come  into 
personal  contact  with  Professor  Kirkwood  have  known  him,  it 
is  as  a  scientist  that  he  is  best  known  to  the  people  of  the  United 
States  and  of  Europe.  He  is  probably  better  known  in  Great 
Britain  than  he  is  in  America.     He  seemed  to  have  through  his 
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writings  the  warm  friendship  of  astronomers  everywhere,  even 
though  they  had  not  met  him.  Several  years  ago,  when  Proc- 
tor, the  eminent  English  astronomer,  was  in  this  country,  this 
incident  occurred  :  Proctor  lectured  in  Indianapolis.  After  the 
lecture  a  professor  from  a  sister  institution  approached  him  and 
invited  him  to  his  town  to  lecture  the  next  night.  Proctor  said: 
"  No;  I  came  to  America  to  see  Dr.  Kirkwood.  To-morrow 
is  my  opportunity,  and  I  am  going  to  Bloomington  to  see  him.M 
Eighteen  years  ago,  when  I  was  an  assistant  of  Dr.  Kirk- 
wood, I  wrote  and  published  this  paragraph  : — 

'"When  I  die,  I  want  to  go  where  Dr.  Kirkwood  goes/  was  the 
simple  eulogy  of  one  of  his  admirers.  Whatever  may  be  said  of  this 
sentiment,  certain  it  is  that  during  fifty  years  as  a  teacher,  he  has  gained 
from  his  students  such  universal  love  and  admiration  as  few  men  can 
enjoy,  and  while  as  a  mathematician  he  has  made  many  valuable  contri- 
butions to  science,  as  a  genial,  temperate,  and  genuine  man,  he  has 
solved  the  problem  of  gracefully  growing  old." 

In  intellect  he  was  keen,  logical,  and  far-seeing.  In  integrity 
he  was  without  reproach.  He  was  "  spotless  before  the  world." 
In  private  character  he  was  pure  as  an  infant.  He  was  in  sym- 
pathy with  humanity.  He  was  as  natural  as  a  child  and  as  free 
from  self-conceit  as  the  "  lilies  of  die  field."  He  saw  and  spoke 
the  truth.  The  laws  of  Nature  were  to  him  the  laws  of  God. 
The  heavens  indeed  declared  His  glory.  In  revealing  the  secrets 
of  the  stars  he  revealed  the  beauty  of  his  life.  Kirkwood  the 
scientist  we  admire,  but  Kirkwood  the  man  we  love.  These 
characteristics  made  Daniel  Kirkwood  one  of  the  greatest  of 
Indiana's  roll  of  heroes  and  one  of  the  most  lovable  of  men 
of  any  country  or  age. 


PLANETARY     PHENOMENA     FOR     SEPTEMBER, 
OCTOBER,  NOVEMBER,  AND  DECEMBER,  1901. 

By  Malcolm  McNeill. 


September. 

The  Sun  crosses  the  celestial  equator  and  autumn  begins 
September  23d,  10  a.m.  Pacific  time. 

Mercury  is  an  evening  star  throughout  the  month,  having 
passed  superior  conjunction  on  August  27th.     At  the  close  of 
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the  month  it  is  well  out  toward  east  elongation,  but  the  great 
southern  declination  of  the  planet  makes  the  interval  between 
sunset  and  the  setting  of  the  planet  too  short  for  naked-eye 
visibility  of  the  planet 

Venus  is  an  evening  star.  It  increases  its  distance  from  the 
Sun  from  320  to  37°  and  it  remains  above  the  horizon  a  few 
minutes  longer  after  sunset  than  during  August.  At  the  end  of 
September  the  interval  is  about  an  hour  and  a  half.  It  moves  330 
east  and  140  south  through  Virgo  into  Libra.  On  September 
8th  it  passes  about  30  north  of  the  first-magnitude  star  Spica. 

Mars  is  much  nearer  the  Sun  and  sets  earlier  than  during 
August  Its  distance  from  us  increases  about  twelve  millions 
of  miles,  and  it  is  about  twice  as  far  from  us  as  we  are  from  the 
Sun.  Its  apparent  motion  among  the  stars  is  200  east  and  70 
south  from  Virgo  into  Libra,  and  at  the  end  of  the  month  it  is 
about  40  east  of  Venus,  which  is  rapidly  overtaking  it. 

Jupiter  and  Saturn  remain  in  Sagittarius,  and  are  quite  con- 
spicuous in  the  southwestern  sky  in  the  evenings.  Jupiter  has 
ceased  his  retrograde  motion  and  is  again  moving  eastward,  but 
not  rapidly  as  yet,  making  about  i°  41'  during  the  month. 
Saturn  keeps  up  his  westward  motion  until  September  14th,  and 
then  begins  to  move  eastward,  but  the  whole  motion  is  only 
about  15',  and,  as  far  as  naked-eye  observations  show,  the  planet 
is  practically  stationary  among  the  stars.  Jupiter  and  Saturn 
approach  each  other  a  little  more  than  i°,  and  on  September 
30th  they  are  not  quite  6°  apart. 

Uranus  is  about  two  hours'  motion  ahead  of  Jupiter  and 
Saturn,  and  its  distance  from  the  Sun  is  getting  to  be  too  small 
for  convenient  evening  observations.  It  remains  above  the 
horizon  until  nearly  9  p.m.  on  September  30th;  but  its  small  size 
makes  observation  difficult  unless  the  planet  is  at  a  good  altitude. 

Neptune  is  an  early  morning  object. 

October. 

There  will  be  a  partial  eclipse  of  the  Moon,  on  October  27th,  not 
visible  in  any  part  of  the  western  hemisphere  except  Alaska,  but 
visible  generally  throughout  the  eastern  hemisphere,  except  in 
western  Europe.  At  the  maximum  only  about  one  quarter  of 
the  Moon's  diameter  will  be  covered. 

Mercury  is  an  evening  star,  and  comes  to  greatest  east  elonga- 
tion on  the  morning  of  October  12th;  but  its  very  great  southern 
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declination  (120  south  of  the  Sun)  makes  the  interval  between 
the  setting  of  the  Sun  and  planet  less  than  one  hour,  and  although 
the  elongation  (250)  is  comparatively  large,  being  only  a  fortnight 
from  aphelion,  the  planet  will  scarcely  be  visible  to  the  naked  eye. 

Venus  is  increasing  its  apparent  distance  from  the  Sun,  and 
by  the  close  of  the  month  the  elongation  will  be  more  than  400. 
The  interval  from  sunset  to  the  setting  of  the  planet  increases, 
and  is  well  over  two  hours  by  the  end  of  the  month.  The  planet 
moves  about  350  eastward  and  8°  southward  among  the  stars  from 
Libra  through  Scorpio  and  into  Ophiuchus.  On  the  morning 
of  October  9th  it  overtakes  and  passes  Mars,  also  moving  in  the 
same  general  direction  but  more  slowly.  At  the  time  of  nearest 
approach  Venus  is  a  little  less  than  i°  south  of  Mars.  Venus 
also  is  in  conjunction  with  Uranus  on  the  morning  of  October 
25th,  the  former  being  20  21'  south. 

Mars  is  still  in  the  southwestern  sky  in  the  early  evening,  but 
sets  less  than  two  hours  after  sunset,  and  has  become  so  faint  as 
to  be  no  longer  conspicuous.  It  is  nearly  at  its  maximum  dis- 
tance from  us,  but  will  not  reach  it  for  several  months.  It  moves 
about  210  east  and  50  south  from  Libra  through  Scorpio. 

Jupiter  and  Saturn  still  keep  their  position  in  Sagittarius, 
and  by  the  close  of  the  month  remain  above  the  horizon  less  than 
four  hours  after  sunset.  Both  are  moving  eastward  among  the 
stars,  Jupiter  40  and  Saturn  a  little  more  than  i°  during  the 
month,  and  by  the  end  they  are  less  than  30  apart. 

Uranus  is  nearer  the  Sun  than  during  September,  and  by  the 
end  of  the  month  sets  about  two  hours  after  sunset.  It  is  rather 
too  low  down  to  be  seen  with  the  naked  eye. 

Neptune  is  rising  earlier,  and  is  well  up  during  the  late 
evening. 

November. 

There  will  be  an  annular  eclipse  of  the  Sun  on  November 
10th,  not  visible  in  the  western  hemisphere.  The  central  line 
runs  from  the  Mediterranean  Sea  through  Egypt,  Arabia,  the 
Indian  Ocean,  just  touching  southern  Hindustan  and  Siam,  and 
ending  in  the  Philippines. 

Mercury  passes  inferior  conjunction  with  the  Sun  and  becomes 
a  morning  star  on  November  4th.  It  rapidly  recedes  from  the 
Sun,  and  after  November  nth  it  rises  more  than  an  hour  before 
sunrise.  It  reaches  greatest  west  elongation  on  November  20th, 
and  then  rises  more  than  an  hour  and  a  half  before  sunrise.  This 
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is  the  best  opportunity  of  the  year  for  seeing  Mercury  as  a 
mornirig  star. 

All  of  the  other  planets,  except  Neptune,  are  in  the  south- 
western sky  in  the  early  evening,  but  some  of  them  are  too  near 
the  Sun  for  easy  observation.  Venus  reaches  nearly  its  maximum 
distance  from  the  Sun,  and  by  the  close  of  the  month  sets  more 
than  three  hours  after  sunset.  It  moves  about  330  westward  and 
2°  northward  from  Ophiuchus  through  Sagittarius  into  Capricorn, 
passes  Jupiter  on  November  17th,  and  Saturn  on  November  18th. 
For  several  days  the  three  planets  are  near  each  other,  Venus 
being  about  30  south  of  the  other  two.  This  close  conjunction 
of  three  bright  planets  is  a  very  unusual  occurrence. 

Mars  is  down  below  Venus,  and  toward  the  close  of  the 
month  will  not  be  a  very  easy  object,  but  can  still  be  made  out 
in  good  weather  conditions.  It  moves  eastward  about  220  from 
Scorpio  through  Ophiuchus  into  Sagittarius.  It  passes  Uranus 
less  than  i°  south  on  the  night- of  November  3-4th,  and  at  the 
close  of  the  month  is  about  io°  from  Jupiter  and  Saturn. 

Jupiter  and  Saturn  are  still  high  enough  to  be  seen  in  the 
early  evening.  Both  are  moving  rapidly  eastward  from  the  con- 
stellation Sagittarius  toward  Capricorn.  They  come  to  conjunc- 
tion on  the  evening  of  November  27th,  Jupiter  then  being  o°  27' 
south  of  Saturn,  a  distance  rather  less  than  the  Moon's  diameter. 
At  the  beginning  of  the  month  Jupiter  was  about  30  west  of 
Saturn. 

Uranus  is  drawing  closer  to  the  Sun  and  by  the  end  of  the 
month  sets  only  a  half  an  hour  after  sunset. 

December. 

The  Sun  passes  the  solstice  and  winter  begins  December  2 2d, 
4  a.m.,  P.  S.  T. 

The  Earth  is  in  perihelion  December  31st,  10  p.m.,  P.  S.  T. 
Mercury  is  a  morning  star  at  the  beginning  of  the  month, 
rising  about  an  hour  and  a  half  before  sunrise,  but  is  approaching 
the  Sun.  The  interval  between  the  rising  of  the  planet  and  the 
Sun  is,  however,  more  than  an  hour  until  after  December  10th. 
After  that  it  is  too  near  the  Sun  to  be  seen,  and  by  the  end  of 
the  month  it  has  nearly  reached  superior  conjunction.  It  is  in 
conjunction  with  Uranus  on  the  morning  of  December  18th. 

Venus  reaches  its  greatest  east  elongation  on  December  4th. 
It  is  then  470  19'  from  the  Sun,  and  by  the  end  of  the  month  the 
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distance  will  have  diminished  about  40.  Owing  to  the  relative 
motions  of  the  Sun  and  planet  in  declination,  however,  the  interval 
between  sunset  and  the  setting  of  the  planet  will  go  on  increasing 
throughout  the  month,  being  more  than  three  hours  and  a  halt 
toward  the  close.  Ve?ius  has  been  gradually  increasing  in 
brightness  as  it  moved  out  toward  greatest  elongation,  and  will 
still  farther  increase  until  about  half-way  between  that  point  and 
inferior  conjunction.  The  maximum  will  occur  during  January, 
1902. 

Mars  is  gradually  being  overtaken  by  the  Sun  in  their  common 
eastward  motion,  but  will  not  set  until  about  an  hour  and  a  half 
after  sunset  throughout  the  month.  It  is  growing  so  faint  that 
weather  conditions  must  be  very  good  in  order  to  see  it.  It 
passes  i°  19'  south  of  Saturn  on  the  morning  of  December  14th, 
and  o°  52'  south  of  Jupiter  on  the  morning  of  December  17th. 
For  several  days  the  three  planets  are  very  close  together. 

Jupiter  and  Saturn  are  drawing  close  to  the  Sun,  and  by  the 
close  of  the  month  both  set  less  than  an  hour  after  sunset.  It 
will  be  hardly  possible  to  see  Saturn  for  the  last  week  or  so,  but 
Jupiter,  on  account  of  its  greater  brightness,  may  remain  visible 
throughout  the  month.  Both  planets  are  still  moving  eastward 
among  the  stars,  but  the  greater  motion  of  Jupiter  causes  them 
to  separate,  and  on  December  31st  Jupiter  will  be  about  40  east 
of  Saturn. 

Uranus  is  too  near  the  Sun  to  be  seen  and  passes  conjunction 
on  the  afternoon  of  December  9th. 

Neptune  is  in  opposition  with  the  Sun  on  December  24th. 

September-October,  1901. 
Phases  of  the  Moon,  P.  S.  T. 


Last  Quarter    .   . 

.   Sept. 

5* 

5h 

27m 

A.  M. 

New  Moon       .   . 

.   Sept. 

12, 

1 

18 

P.  M 

First  Quarter  .   . 

.   Sept. 

20, 

5 

33 

Full  Moon       .   . 

.   Sept. 

27» 

9 

36 

Last  Quarter  .   . 

.   Oct. 

4> 

12 

52 

New  Moon       .   . 

.   Oct. 

12, 

5 

11 

A.M. 

First  Quarter  .   . 

.   Oct. 

20, 

9 

58 

Full  Moon       .   . 

,  .   Oct. 

27> 

7 

6 

'52 
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The  Sun, 

l9or„ 

R. 

A. 

Declination. 

Rises. 

Transits. 

Sets. 

Sept 

i, 

IO! 

'40" 

+  8° 27' 

51,3IQ,A.M 

.  noon 

6*  29"  R  M, 

ii. 

II 

16 

+  4  44 

5  4i 

ii*  57*  a.m.  6  13 

*h 

II 

52 

+  0  53 

5  50 

11  53 

5  56 

Oct, 

t, 

12 

28 

—  3  1 

6  0 

11  50 

5  40 

lit 

13 

4 

—  6  52 

6  11 

ir  47 

5  23 

21, 

13 

42 

—  10  33 

6  21 

11  45 

5  9 

3*. 

H 

20 

—  13  59 

6  32 

11  44 

4  56 

Mercuri*. 

Sept 

I, 

to 

59 

+  8  14 

5  5i  AM- 

12  19  P.M. 

6  47  P.M. 

II. 

12 

2 

f  0  26 

6  42 

12  43 

6  44 

21, 

12 

59 

—  6  55 

7  24 

I  0 

6  36 

Oct 

I, 

13 

Si 

—  13  18 

7  59 

I  13 

6  27 

II. 

14  36 

—  18  13 

S  -22 

I  18 

6  14 

2IT 

15 

6 

—  20  44 

8  23 

1  9 

5  55 

3*> 

«*  55 

—  18  29 

7  24 

12  19 

5  14 

Venu& 

Sept, 

I, 

12 

4i 

—  3  48 

8  13  A.M 

.  2   I  P.M. 

7  49  P.M. 

III 

13 

25 

—  8  52 

8  36 

2  5 

7  34 

21, 

14 

9 

—  13  3* 

8  58 

2  II 

7  24 

Oct. 

I, 

14 

56 

—  17  54 

9  20 

2  17 

7  x4 

II, 

15 

43 

—  21  28 

9  43 

2  26 

7  9 

21, 

16 

33 

—  24  9 

10  4 

2  36 

7  8 

31, 

17 

23 

—  25  47 

10  23 
Mars. 

2  47 

7  11 

Sept. 

I, 

13 

53 

—  11  58 

9   54  a.m 

.  3  13  p-m. 

8  32  P.M. 

II, 

14 

18 

—  14  19 

9  48 

2  59 

8  10 

21, 

14 

45 

—  16  33 

9  44 

2  46 

7  48 

Oct. 

I. 

15 

13 

—  18  36 

9  39 

2  34 

7  29 

II. 

15 

42 

—  20  25 

9  36 

2  24 

7  11 

21, 

16 

12 

—  21  58 
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2  15 

6  56 

3i. 

16 

43 

—  23  11 

9  30 

2   6 

6  42 

Jupiter. 

Sept. 

I, 

18 

14 

—  23  31 

2  59  p.m. 

7  33  p.m. 

12   7  A.M. 

Oct. 

I, 

18 

21 

—  23  3i 

1  8 

5  42 

IO  16  P.M. 

Nov. 

I, 

18 

39 
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11  23  A.M. 

3  58 

8  33 
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Sa  turn. 

Sept. 

i. 
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—  22   43           3    23    P.M. 

8 

2  P.M. 
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Oct. 

i. 
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6 

4 
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i, 
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Uranus. 
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Neptune. 

2 
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5 

29 
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Nov. 

i, 

6     6 
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3 

26 

IO  46  A.M. 

Eclipses  of  Jupiter* s  Satellites,  P.  S.  T. 

(Off  right-band  limb  as  seen  in  an  inverting  telescope*) 

III,  R, Sept.     2,     4h  39"  p.m.       I,  R,    Oct.     1,      2h  33"  p.m. 
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4 
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6 
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I,  R. 

29. 

8 

4 

November-December,  1901. 
Phases  of  the  Moon,  P.  S.  T. 
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.   Nov. 

2, 

nh 
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11 

34 
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25. 

5 

18      P.  M 
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12 
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4 
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The  Sun. 
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21 
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3 
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1, 

16 

46 
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P.M. 
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11, 

17 

18 

—  24  5 

9  26 

1 

58 

6  30 
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17 
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9  22 
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52 
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1, 

18 

24 
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1 

46 

6  16 
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18 
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—  23  53 
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40 
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19 
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20 
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Jupiter. 

Nov. 

1, 

18 
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19 

3 

—  22  53 

9  47 

2 

24 

7  1 

Jan. 

1, 
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Saturn. 
Nov.     i,  18    50    — 22  41     11  30  A.M.    4    9  p.m.  848  P.M. 
Dec.      1,  19      2    — 22  28      9  44  2  23  72 

Jan.       1,  19    17     —22     6       7  55  12  36  5  17 

Uranus. 
Nov.      1,  16    54     — 22  38  *    9  35  a.m.     2  14  p.m.  6  53  P.M. 
Dec.      1,  17      2     —  22  49      7  45  12  23  51 

Jan.       1,  17    10     — 23    o       5  52  10  29  A.M.  3    6 

Neptune. 

Nov.      1,    6      6     +  22  15       8     6  P.M.  3  26  a.m.  10  46  A.M. 

Dec.      1,    6      3     +  22  15       6     6  1  26            8  46 

Jan.       1,    5    59     +22  15      3  57  11  17  p.m.    637 

Eclipses  of  Jupiter's  Satellites,  P.  S.  T. 

(Off  right-hand  limb  as  seen  in  an  inverting  telescope.) 


I,  R,  Nov. 

7. 

6"  37"  p.m. 

II,  R,  Dec.     1, 

5*  43"  p.m. 

I,  R, 

16, 

3      0 

IV,  D,              4, 

4  5i 

I,  R, 

23. 

4    55 

I,  R,            9, 

3   13 

II,  R, 

25. 

3      6 

I,  R,             16, 

5     8 

HI,  R, 

27. 

4    50 

I,  R, 

30, 

6    50 

NOTICES    FROM    THE    LICK    OBSERVATORY.* 


Prepared   bv    Members   of  the  Staff. 


Capella  Again, 

Since  the  d  is  celery  that  Capella  is  a  spectroscopic  binary  it 
has  been  of  much  interest  to  see  if  it  is  also  a  telescopic  double 
star.  I  have  given  the  result  of  my  examination  of  it  for  rgoo, 
having  this  object  in  view,  in  No.  484  of  the  Astronomical  Jour- 
nal and  in  No.  75  of  these  Publications.  I  there  stated  that  I 
had  examined  Capella  on  several  afternoons  early  in  June,  1900, 
with  the  36-inch  refractor  without  obtaining  any  visual  evidence 
of  its  being  a  double  star.  The  result  then  obtained  was  not 
regarded  as  conclusive,  for  the  seeing,  though  good,  was  not 
excellent*  according  to  our  standards. 

On  the  nights  of  August  2d  and  5th,  1900,  I  made  further 
examinations  with  the  same  instrument,  using  powers  of  1000, 
1500,  1900,  and  2600.  With  all  these  powers  the  star  appeared 
round.  On  these  dates  the  seeing  was  excellent,  and  stood  all 
these  powers  perfectly.  On  the  last  date  the  seeing  was  perhaps 
the  best.  With  conditions  such  as  then  prevailed  an  elongation 
due  to  a  distance  of  a  tenth  of  a  second  would  have  been  readily 
perceptible  with  the  lowest  power  used^  and  a  considerably  smaller 
distance  would  have  given  an  unmistakable  elongation  with  the 
higher  powers.  On  the  last  date  glass  color-screens  of  various 
shades  were  used  a  part  of  the  time  to  reduce  the  light.  Mr. 
Perrine  at  this  time  also  made  careful  examinations  with  all  of 
the  powers  without  detecting  any  elongation. 

According  to  the  elements  of  the  orbit  of  this  binary  as  derived 
from  the  spectroscopic  observations,  the  most  favorable  dates  for 
detecting  an  elongation  visually  are  about  April  15th*  June  6th, 
July  28th,  September  iSth,  and  November  9th,  1900,  and  April 
14th,  June  5th,  July  27th,  September  17th,  and  November  8th, 
1901.      On  account  of  the  orbit  *s   being  nearly   circular,   the 


•Lick  Astronomical  Department  of  the  University  of  California. 
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apparent  distance  has  nearly  its  maximum  value  for  a  few  days 
on  either  side  of  the  dates  given. 

I  have  recently  examined  Capella  again  on  two  good  nights. 
At  the  time  of  the  last  examination,  August  2,  1901,  the  seeing 
was  excellent  and  all  the  powers  mentioned  above  were  succes- 
sively used.  Glass  color-screens  of  different  shades  were  used  at 
times  to  reduce  the  light.  At  the  time  of  this  examination  the 
zenith  distance  of  Capella  varied  from  450  to  380.  With  all 
powers  the  central  disc  of  the  star's  image  was  sharply  defined, 
very  small,  and  apparently  perfectly  round. 

W.  J.  Hussey. 

Times  of  the  Elongations  of  Mimas. 

While  making  measurements  of  the  relative  positions  of  the 
inner  satellites  of  Saturn  during  the  present  summer,  I  noticed  that 
Mimas  reached  its  greatest  eastern  and  western  elongations  about 
4. 2  hours  earlier  than  the  predicted  times  given  in  the  American 
Ephemeris.  On  writing  to  Dr.  Harshman,  Director  of  the 
Nautical  Almanac  Office,  in  reference  to  the  matter,  he  informed 
me  that  the  predicted  times  were  based  upon  Professor  Hall's 
elements.  He  also  furnished  me  the  systematic  corrections  neces- 
sary to  reduce  the  times  of  elongation  as  derived  from  Professor 
Hall's  elements  to  those  derived  from  Dr.  H.  Striate* s  ele- 
ments, as  follows : — 


1900.0 

-  3b.68 

1901.0 

—  4  .02 

1902.0 

—  4  .37 

1903-0 

-4  .72 

1904.0 

—  5  -06 

The  times  of  elongation  of  Mimas  for  the  years  1900,  1901, 
1902,  and  1903,  as  given  in  the  American  Ephemeris,  are  based 
upon  Hall's  elements.  Those  for  1904  are  based  upon  Struve's 
elements.  From  my  measures  it  appears  that  Struve'  s  elements 
represent  the  motion  closely.  W.  J.  Hussey. 

Duplicity  of  66  Tauri  and  of  the  Principal  Component 

of  2  2339. 

While  examining  66  Tauri  with  the  12-inch  telescope,  Febru- 
ary 24,  1900, 1  discovered  that  it  is  a  close  pair.     Several  months 
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passed  before  I  measured  it,  and  it  is  only  recently  that  second 
and  third  measures  have  been  obtained.     These  measures  give  — 


1900,920 

22°.  7 

o'\*6 

5  8 

6.0 

1901.584 

205  -3 

0  .24 

6.0 

6.0 

.65S 

23  '6 

0  .25 

6.0 

6.0 

The  magnitudes  of  the  two  components  are  so  nearly  the 
same  that  I  have  not  been  able  to  determine  the  quadrant  with 
certainty, 

66  Tauri  is  a  naked -eye  star.  Its  proper  motion  has  been 
determined,  andt  according  to  Aowers,  is  given  by  the  equa- 
tions^— 

/Jt  =   —  0\0027J  Ik*  =   —  o".OG4* 

On  account  of  the  character  of  the  pair  and  by  reason  of  its 
proper  motion,  it  is  probable  that  66  Tauri  is  a  binary* 

I  have  recently  found  the  principal  component  of  %  2339  to 
be  a  close  pair.  The  star  did  not  appear  to  be  quite  round  to 
me  with  the  12- inch  telescope.  On  this  account  I  examined  it 
with  the  36- inch  refractor,  which  clearly  showed  it  double.  I 
have  made  the  following  measures  of  it : — 

I9OI.603  85°.  2  G,2Q  S-O  S.2 

.608         87  .O         O  .18 

.623         86  .7         o  .20         8.0         8.2 

The  components  of  this  pair  are  a  little  unequal  in  brightness, 
so  that  the  quadrant  is  readily  determinable. 

I  have  referred  these  stars  to  Professor  Burnham,  who  has 
kindly  looked  them  up  for  me,  and  states  that  they  are  both 
new.  W.  J.  Hussey. 

Observations  of  the  Spectroscopic  Binary  rj  Pegas/.* 

The  binary  character  of  17  Pegasi  was  discovered  in  August, 
1898,  from  observations  made  with  the  Mills  spectroscope,  and 
announced  in  the  A strophy steal  Journal  for  October,  1898.  It 
was  the  first  one  of  some  thirty-five  spectroscopic  binary  systems 
discovered  in  the  past  three  years  with  this  efficient  instrument. 
As  a  basis  for  determining  the  orbit  of  the  bright  component  of 


*  From  Lick  Observatory  Bulletin,  No.  5 
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this  system,   the  following  velocities  in  the  line  of  sight  were 
observed:— 


Date. 

Velocity. 

Date. 

Velocity. 

No. 

Greenwich  M.  T. 

Kms. 

No. 

< 

Greenwich  M.  T. 

Kms. 

I 

1896, 

Aug. 

278, 

+  7  10 

16 

1899, 

June, 

21.0, 

—  8.02 

2 

Sept. 

237. 

+  5IO 

17 

27.0, 

-8.3I 

3 

1897, 

July 

89. 

—  6.37 

18 

July, 

26.9, 

—  7.14 

4 

Sept. 

28.7, 

—     2.21 

19 

Sept. 

6.8, 

—  6  81 

5 

1898, 

Aug. 

29.8, 

+  16.54 

20 

Dec. 

197, 

—  386 

6 

30.8, 

+15.62 

21 

25-7. 

—  1.44 

7 

Sept. 

47, 

+  16.46 

22 

I900, 

May, 

14  0, 

+1089 

8 

15.8, 

+  15  74 

23 

June, 

70, 

+1406 

9 

Oct. 

18.7, 

+IO.99 

24 

Aug. 

1-9. 

+18.89 

10 

248, 

+  "51 

25 

Sept 

257. 

+2140 

if 

26.8, 

+  IO.83 

26 

Oct. 

9  7, 

+20.37 

12 

Nov. 

287. 

+  6.06 

27 

248, 

+1988 

13 

1899, 

Jan. 

236, 

—  O.84 

28 

Dec. 

11.7, 

+15-17 

14 

May, 

2.0, 

—   6  44 

29 

I90I, 

May, 

9-o. 

—  0.18 

15 

9.o, 

—  5  94 

The  period  of  revolution  of  the  system  was  early  found  to  be 
about  two  years  and  a  quarter.  The  observations  are  distributed 
over  more  than  two  complete  periods. 

The  probable  error  of  one  observation,  ±1  0.47  kilometer, 
determined  by  Dr.  Crawford,  is  very  satisfactory  under  the 
circumstances.  It  is  based  upon  all  the  observations  secured. 
These  include  those  made  in  1896,  with  a  very  imperfect  camera 
lens.  The  first  thirteen  observations  were  obtained  before  the 
special  temperature  control  was  installed.  The  thirteenth  observa- 
tion was  made  when  the  star  was  low  in  the  west,  in  the  early 
evening,  with  the  temperature  changing  rapidly.  Experience 
has  shown  that  observations  taken  under  such  conditions  are  not 
only  useless,  but  are  apt  to  be  harmful,  and  No.  13  might  well 
have  been  rejected.  It  furnishes  the  largest  residual,  and  its 
rejection  would  have  reduced  very  materially  the  computed 
probable  error  of  a  single  observation. 

The  spectra  were  measured,  in  all  cases,  soon  after  they 
were  secured,  in  six  different  years.  The  26th,  27th,  and  28th 
plates  were  measured  and  reduced  by  Dr.  Reese,  and  the 
remaining  twenty-six  plates  by  myself.  If  they  could  have 
been  measured  in  quick  succession,  by  one  observer,  no  doubt 
the  results  would  yield  a  much  smaller  computed  probable 
error,  as  the  personal  habits  of  measurement  change  appreci- 
ably with  time. 


ito  Publications  of  the 

Messrs.  Hussev  and  Aitken  have  carefully  examined  y  Pegasi 
with  the  36-inch  refractor,  but  have  been  unable  to  detect  the 
com  pan  ion- star.  W.  W,  Campbell, 

1901,  July  24. 

The  Orbit  of  the  Spectroscopic  Binary  -q  Pegasl 
[abstract,]* 

This  orbit  of  tj  Pegasi  is  based  upon  the  twenty-nine  observa- 
tions given  by  Director  Campbell.  Of  these,  several  groups 
have  been  formed  into  normal  positions  by  taking  the  mean  of 
their  dates  and  of  their  velocities.  These  groups  are  Nos.  5,  6, 
7,  8;  9,  io,  11;  14,  15^  16,  17;  and  20,  21*  All  of  the  other 
observations  have  been  given  weight  unity  t  except  No*  13,  to 
which,  for  reasons  given  by  Director  Campbell,  weight  one- half 
has  been  assigned. 

From  the  plot  of  these  observations  the  first  approximation 
to  the  period  was  taken  to  be  S15  days.  By  adjusting  the  tipper 
and  the  lower  areas  to  equality  by  means  of  a  planimeter,  the 
velocity  of  the  center  of  the  mass  was  found  to  be  +  4,  i$kt*. 

Using  the  formulae  and  notation  of  Lehmann-Filhes,  a  set 
of  preliminary  constants  and  elements  was  obtained*  From  these 
elements  and  the  residuals  resulting  from  them  twenty-one 
weighted  homogeneous  observation  equations  were  set  up. 
These  were  solved  by  the  method  of  Least  Squares  and  a  second 
set  of  elements  obtained.  From  the  differences  between  the 
residuals  as  found  from  these  elements  and  from  the  observation 
equations,  it  was  seen  that  the  terms  involving  the  second  powers 
of  the  increments  in  the  differential  equations  of  condition  were 
not  negligible.  This  discrepancy  necessitated  another  solution 
starting  from  the  second  elements,  which  resulted  in  the  set  of 
Final  Elements  here  given  : — 

final  elements. 


K=   i4.2okm 

±z  0.  I3k,n 

e  =    0.1548 

±z  0.0106 

<o=    5°-6<>5 

ft=    0.007681  rad 

zb  3°.  7o8 

zb  0.000020  rad 

=    o°.  44009 
T  =  1898  June  29.7 

=  1900  Sept  25.7 
V0=  +4.3ikm 
U  =818.0  days 

zb  o°.ooii7 
±:  8. 1  days 

-±  0.  iokm 
±:  2.2  days 

a  sin  i  =  157,800,000 

Russell  Tracy  Crawford, 

•The  detailed  paper  is  printed  in  Bulletin  No.  5  of  the  Lick  Observatory* 
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New  Double  Stars. 

Systematic  search  for  new  double  stars  has  formed  a  part 
of  my  observing  programme  for  the  past  two  years,  with  the 
result,  so  far,  of  the  discovery  of  250  pairs  not  previously 
known.  Two  hundred  and  three  of  these  pairs  have  been  pub- 
lished in  A,  N.  3635  and  3668,  and  in  Bulletin  No.  3  of  the  Lick 
Observatory.  Attention  has  been  called  to  some  of  the  more 
important  pairs  of  the  first  two  lists  in  previous  numbers  of  these 
Publications. 

The  third  list,  published  in  Lick  Observatory  Bulletin  No.  3, 
contains  94  pairs,  classified  with  respect  to  the  distance  between 
their  components  as  follows: — 

Under  o".25 3 

0  .50 23 

1  .00 47 

2  .00 73 

Over     5  .00 1 

Two  of  these  pairs  are  formed  from  the  division  of  the  princi- 
pal component  of  the  known  double  stars  H  846  and  2  2527. 
The  measures  are : — 

A  143. 
R.  A.  I2h  io"^';   Decl.  -70  26'. 

A  and  B  (New). 
1901.27       I48°.8         i".oo       9.2-10.3       3n. 

A  and  C=  H  846. 
1901.26       H3°.4       i3".o2       9. 2-1 1.5       2n. 

A  159. 
R.  A.  I9h  23B,o';  Decl.  +200  28'. 

A  and  B  (New). 

1900.65       335°o       o"-78       8.4-11.7       3n. 

A  and  C=2  2527. 

1900.61       1 8°.  3       4".  26       8.4-9.5       !"• 

The  two  closest  pairs  in  the  list  are  A  162,  and  A  194,  for 
which  I  obtain  the  following  results:  — 

A  162. 

R.  A.  i9h  30"  47";  Decl.  +230  15'. 

1900.66       I44°.6      o".2i       8.2-8.2       3n. 


■ 
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A  194. 

R.  A,  22*  $jm  28';  Decl.  +470  28', 

1900,94       97°.?       o'\i8       8-0-8.0      4" 


"hree         he  pairs  discovered  si  ace  the  lists  mentioned  above 
consist  of   additional  components   to   previously 
I  stars, 
sures  are  as  follows;  — 

A-  19*  7"  43";  Decl  +240  23'  (iS8o,o), 
A  and  B  (New). 
1901.35       2880, 6       3",  79       8.0-13.5       3B- 

A  and  C==  Ho.  446. 
1901.35       48°  3       5",  32       8.0-12.0       3". 

A  and  D  (New). 
1901*35       n2°*o      33'  >6      8,0-15.5       r, 

Z?  and  E  (New). 
1901.35       118*8       5",  38       15-  5-i6.o       i\ 


R.  A.  20*  3tt  38";    Decl.  +35°  26'  (1900.0). 

A  and  ^  =  OS  398. 
1901.53      77°.3      o"-96      7.7-97       in. 

^4  and  C  (New). 
1901.53    .  i32°-o      5"-23       7.7-I5-0       in- 


R.  A.  2ob  7a  25s;  Decl.  +34°  i  (1880.0). 

A  and  B  (New). 
1901.41       2o6°.2      o".2i       7.6-7.8       3n. 

y4Z?andC=Ho.  121. 

1901.40       i7°.o       22".8o       7.0-1 1.5       2n. 

September  5,  1901.  R.  G.  Aitken. 

Some   Recent  Results  Secured  with  the  Mills 

Spectrograph.* 
The  results  given  below  are  a  few  of  those  recently  established 
by  the  Mills  spectrograph,  used  in  connection  with  the  36-inch 
refracting  telescope.  The  majority  of  the  photographs  upon 
which  the  results  depend  were  made  by  Assistant  Astronomer 
W.  H.  Wright,  and  the  remainder  by  Dr.  Reese  and  myself. 
June  20, 1901.  W.  W.  Campbell. 

*  Reprinted  from  Bulletin  No.  4  of  the  Lick  Observatory. 
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I.— A  LIST  OF  SIX  STARS  WHOSE  VELOCITIES  IN  THE  LINE  OF 
SIGHT  ARE  VARIABLE. 

The  following  six  spectroscopic  binaries,  discovered  with  the 
Mills  spectrograph,  are  additional  to  the  twenty-five  already 
announced. 

w  Cephei  (a  =  23*  05-;  8  =  +  74°  SO- 

The  binary  character  of  this  star  was  suspected  in  August, 
1899,  from  the  fact  that  the  approximate  measures  and  reduc- 
tions of  the  first  and  third  plates  showed  a  range  of  four  kilo- 
meters in  the  observed  velocities.  Later  plates  confirmed  the 
fact  of  the  variation.     The  observations  to  date  are  as  follows  :— 


Date. 

Velocity. 

1899  August         8 

-33km 

August       23 

-36 

August       29 

—  37 

1900  October        7 

—    5 

December  24 

-  23 

°i  3*  Cygni  (a  =  2oh  iom;  8  =  +  460  26'). 

The  variability  was  detected  in  July,    1900,  from  the  third 
plate. 


Date. 

Velocity. 

1899  June        20 

—  I2km 

July           2 

—  II 

1900  July         30 

—    3 

August    1 2 

—    3 

October     7 

±L       O 

1 901  June          5 

+    3 

This  star  was  discovered  to  have  a  composite  spectrum  by 
Harvard  College  Observatory.      [Annals  H.   C.    0.t  XXVIII, 

930 

$  Piscium  (o  =  ih  48";  8  =  +  20  42'). 

The  variable  velocity  of  this  star  was  discovered  in  September, 
1900,  from  measures  of  the  third  plate. 


Date. 

Velocity. 

1899  September    5 

+  25km 

September  19 

+  27 

1900  September  17 

+  33 

December    26 

+  35 

164 
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of 

the 

i  Ptrsei  (a  =  ab  47* 

;  6. 

=  52° 

22'). 

The  variable  velocity  of  r  Persei  was   discovered  from  the 
ah  plate  of  its  spectrum  in  October,  1900, 


Date. 

Velocity* 

j  898  October      26 

+  lO*" 

November  14 

-f    8 

November  28 

+    8 

1900  October       15 

—      2 

October       31 

—    3 

December    1 7 

—    4 

as  discovered  at  Harvard  College  Observatory  that  this 
is  a  composite  spectrum,      \Amtals  H,    C    0mj  XXVIII, 

$t  Ceti  (a  =  2*  oSa;  8  =  S°  23 ')♦ 
The  variable  velocity  of  this  star  was   discovered  from  the 
plate  in  October,  1900. 


Date. 

Velocity. 

1897  October      27 

—  9knj 

1898  October       10 

—  7 

October       1 7 

—  8 

1900  October      29 

+  4 

December    4 

+  ' 

c  Hydra  (a  =  8h  42™;  8  = 

+  6°  48'). 

The  variable  velocity  of  this  star  was 

>  detected  from  the  third 

plate  in  December,  1900. 

Date. 

Velocity. 

1899  November  27 

+  43km 

December  26 

+  43 

1900  December     3 

+  35 

December  24 

+  40 

1901  April           23 

+  32 

II.-RADIAL  VELOCITIES  IN  THE  SYSTEM   OF  8  EQUULEI. 

This  is  one  of  the  most  interesting  double  stars  known,  dis- 
covered by  Otto  Struve  in  1852.  Its  period  of  revolution 
was  supposed  to  be  11.4  years.  It  was  placed  on  the  observing 
program  for  the  Mills  spectrograph,  and  its  radial  velocity  was 
observed  as  follows  : — 

Date.  Velocity. 

1900  June  25  —  i4km 

July     9  —  13 
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No  peculiarities,  such  as  doubling  of  the  lines  due  to  the  two 
components,  were  apparent  in  the  spectrum.  This  result  was 
anticipated,  as  the  two  components  were  known  to  be  moving 
approximately  parallel  to  the  line  of  nodes  of  their  orbit;  that  is, 
at  right  angles  to  the  line  of  sight. 

In  September,  1900,  Assistant  Astronomer  Aitken's  obser- 
vations of  this  star  showed  that  the  long-accepted  orbits  were 
unsatisfactory  \Publ.  A.  S.  P.,  XII,  255-7] ;  and  Astronomer 
Hussey's  investigations  rendered  it  probable  that  the  period  is 
only  5.7  years  [Publ.  A.  S.  P.,  XII,  215-223]. 

Special  efforts  have  been  made  to  secure  spectrographic  obser- 
vations of  8  Equulei  this  spring,  with  a  view  to  solving  the  diffi- 
cult question  of  the  star's  period.  A  few  successful  negatives 
have  been  obtained  in  the  past  two  months.  The  spectra  of  the 
two  components  are  clearly  shown,  with  displacements  corre- 
sponding to  a  relative  velocity  at  present  of  about  35  kilometers 
per  second.  If  the  distance  between  the  corresponding  lines 
decreases,  and  vanishes,  in  the  next  few  months,  we  shall  have 
conclusive  proof  that  the  period  of  the  star  is  in  the  vicinity 
of  5.7  years ;  otherwise,  the  longer  period  should  have  the 
preference. 

III.— RADIAL  VELOCITIES  IN  THE  SYSTEM  OF  POLARIS. 

It  was  discovered  in  August,  1899,  from  observations  made 
with  the  Mills  spectrograph,  that  a  Ursa  Minoris  (Polaris)  is  a 
triple  star.  A  few  observations  secured  that  month  showed  at 
once  that  the  bright  component  was  moving  around  the  center 
of  mass  of  itself  and  an  invisible  companion  in  a  period  of  about 
3  days  23  hours.  Six  observations  secured  in  1896,  extending 
over  three  months,  were  best  satisfied  on  the  assumption  that 
the  period  is  3d  23"*  15".  A  comparison  of  the  1896  and  1899 
observations  furnished  a  period  of  3d  23*  14".  3. 

The  velocity  of  the  center  of  mass  of  this  system  varied  from 
—  i8.okro  per  second  in  1896  to  —  n.8km  in  1899;  thereby 
affording  proof  that  this  system  was  revolving  around  the  center 
of  mass  of  itself  and  a  third  body  in  a  relatively  long  period  of 
time. 

Further  observations  have  been  secured  at  intervals  since 
August,  1899,  for  the  purpose  of  detecting  the  first  evidence  of 
change  in  velocity  of  the  center  of  mass  of  the  short-period 
system.     Changes  suspected  in  the  latter  half  of  1900  have  now 
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become  certain  :  the  velocity  of  the  center  of  mass  of  the  binary 
system  has  varied  from  —  U.S**1  in  1899  to  about  —  i3-5km  at 
the  present  time. 

The  period  of  the  binary  system ,   3d  23*  14™.  3»  deduced  in 

1899,  seems  to  satisfy  recent  observations  perfectly. 

IV.— THE   RADIAL  VELOCITY  OF  a  PERSEI. 

Mr,  H.  F.  New  all,  from  observations  made  at  Cambridge, 

England,  has  announced  [  The  Observatory \  December,  1900] 
that  the  velocity  of  a  Per  set  is  variable.  His  results  lie  between 
—  4  and  -f-  8km  per  second,  and  were  secured  in  the  years  1899 
and  1900, 

*  The  following  table  contains  all  the  Mills  spectrograph  obser- 
vations of  this  star,  with  the  time-intervals  between  successive 
dates  :  — 

Interval. 

i  day 

68 

539 
440 

+47 
10 

4 
o 

H 

These  ten  observations,  made  in  six  different  years,  exhibit  a 
range  of  only  two  kilometers.  Since  this  is  about  the  usual 
range  for  such  stars,  due  largely  to  changes  in  the  observer's 
personal  habits  in  measuring  the  plates,  we  may  say  that  these 
observations  afford  no  evidence  of  variable  velocity. 

V.— THE    RADIAL   VELOCITY   OF  $   URSsE  MAJOR  IS. 

Observations  of  this  star  at  Pulkowa  in  the  years  1894  anc* 
1896  by  Dr.  Belopolsky  gave  results  ranging  from  +  ikm  to 
-{-  22km  per  second ;  and  it  was  announced  as  a  spectroscopic 
binary  with  period  of  from  five  to  seven  days.  \Astr.  Nach., 
No.  3549;  Astroph.  Jour.,  XI,  383.]  Results  obtained  by  the 
same  observer  in  February  and  March,  1899,  ranging  from 
-J-  7km  to  -|-  I9km,  were  considered  by  him  to  furnish  no  evidence 
of  variable  velocity  during  those  months  \Astr.  Nach. ,  No.  3603]. 


Date. 

V  elocil  v. 

1896  November  11 

—  2,o" 

November  12 

—  1.8 

1897  January        19 

—  35 

1898  July              12 

—  2.1 

1899  September  25 

—  '-5 

1900  December    16 

—  2 

December  26 

—  2 

December  30 

—  2 

December  30 

—  3 

1901  January       13 

—  2 

Astronomical  Society  of  the  Pacific.  167 

The  Mills  spectrograph  observations,  as  published  below,  do 
not  indicate  variable  velocity. 


Date. 

Velocity. 

1897  November  16 

+  15  = 

1899  December  18 

+  16 

December  24 

+  15 

December  27 

+  h 

1900  January       30 

+  14 

1 90 1  January       27 

+  14 

VI.-THE  VARIABLE  VELOCITY  OF  S  ORION1S  IN  THE  LINE  OF  SIGHT. 

The  variable  velocity  of  this  star  was  discovered  by  M.  H. 
Deslandres  from  observations  made  with  the  great  Meudon 
refractor.  This  star  is  not  on  the  programme  for  the  Mills  spectro- 
graph, as  its  lines  are  very  broad  and  unsuitable  for  accurate 
measurement.  However,  Mr.  Wright  has  secured  three  obser- 
vations, as  below,  which  confirm  M.  Deslandres*  discovery. 


Date. 

Velocity. 

1900  August         12 

+    3km 

August         21 

+  5* 

September  17 

-69 

Observations   of   the    Satellites    of    Uranus  in   1900 

and  1901. 

The  present  great  south  declination  of  Uranus  makes  observa- 
tions of  its  faint  satellites  difficult  in  northern  observatories  even 
under  the  best  conditions,  and  worthless  when  the  conditions  are 
poor.  On  this  account  a  comparatively  small  number  of  meas- 
ures, especially  of  the  two  inner  satellites,  Ariel  and.  Umbriel,  was 
secured  during  the  last  two  oppositions  of  the  planet.  For  of 
the  nights  when  the  36-inch  telescope  was  available  to  me,  I  used 
for  this  work  only  those  on  which  the  satellite  measured  could  be 
seen  continuously  during  the  time  of  observation,  and  on  which 
the  image  of  Uranus  was  sufficiently  steady  and  well-defined  to 
permit  accurate  bisections  to  be  made  with  the  micrometer- wire. 

The  detailed  observations  with  notes  on  the  relative  bright- 
ness of  the  satellites  and  a  comparison  of  the  observed  positions 
with  those  derived  from  Newcomb's  Tables  (Washington  Obser- 
vations for  1873— Appendix  I)  are  published  as  Bulletin  No.  7  of 
the  Lick  Observatory. 
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i  briel  was  usually  the  most  difficult  of  the  satellites  to  see, 
I  tfattia  the  easiestP     But  on  several  nights  Ariel  could  not 

aeen  steadily,  though  Umbriel  was  measured  satisfactorily. 

The  residuals  derived  from  the  comparison  with  Newcomb's 
tables  indicate  that  the  satellites  are  slightly  in  advance  of  their 
predicted  places,  and  that  their  orbits  are  a  little  smaller  than 
those  given  by  Newcomb. 

The  average  residuals  are:  — 

Ariel  4-  2°,  2  —  0^.29 

LfmMet  —  i  ,2  —  o  .  16 

Tiianm  —  i  -45  —  o  *i8 

Oberon  -(-0.7  — -0,13 

)tion  that  these  quantities  represent  the  error 
«J  the  probable  error  of  a  single  observa* 

hi  ui*  eac  w  ■  he  following  result:  — 

±   I°.2  ±  0".l6 

el       ±  1  *i  ±0  .iS 

i\        1         ±0.6  ±0*20 

O      PJ  ±0.3  ±0.18 

W  ibles  are  based  upon  observations  made  with 

_e  26-incn  rerractor  of  the  U.  S,  Naval  Observatory  in  1 874  and 
1875.  That  they  represent  observations  made  a  quarter  of  a 
century  later  as  closely  as  is  indicated  by  the  residuals  here  given 
is  sufficient  commentary  upon  the  skill  and  care  with  which  they 
were  constructed,  and  upon  the  accuracy  of  the  observations  on 
which  they  were  based.  R.  G.  Aitken. 

Observations  of  the  Spectroscopic  Binary  Capella* 

The  first-magnitude  star  Capella  was  discovered  to  be  a 
spectroscopic  double  star,  .early  in  August,  1899,  fr°m  an 
examination  of  the  plates  of  its  spectrum  secured  with  the 
Mills  spectograph  in  1896.  Announcement  of  the  fact  was  made 
to  the  Astronomical  and  Astrophysical  Society  of  America  at 
the  meeting  of  September  7,  1899,  and  in  the  Astrophysical 
Journal  for  October,   1899. 

Independent  discovery  of  its  binary  character  was  made  by 
Mr.  H.  F.  Newall,  of  Cambridge,  England,  in  November,  1899, 
and  announced  in  the  Monthly  Notices  Royal  Astronomical  Society 
for  November. 


*  From  Lick  Observatory  Bulletin.  No.  6. 
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The  spectra  of  the  two  components  are  distinguishable  on 
most  of  the  plates,  the  exceptions  being  those  taken  when  the 
radial  velocities  of  the  two  were  nearly  equal,  producing  a 
superposition  of  the  two  sets  of  lines.  The  spectrum  of  the 
principal  star  is  of  the  solar  type,  whereas  that  of  the  secondary 
is  intermediate  between  the  solar  and  Sirian  types. 

The  velocities  of  the  principal  component,  as  observed  with 
the  Mills  spectrograph,  are  given  by  the  following  table: — 


Date. 

Velocity. 

Date. 

Velocity. 

No. 

Greenwich  M.  T. 

Kms. 

No. 

Greenwich  M.  T. 

Kms. 

I 

1896,  Sept. 

1.036 

+36  4  c. 

17 

1899 

Nov. 

6.026 

+54.8  c. 

2 

17005 

53-8  c. 

18 

27952 

43.2  w. 

3 

Oct. 

4.003 

50.3  c 

19 

27.966 

44.0  w. 

4 

6.029 

46.9  C. 

20 

Dec. 

3720 

35-2  c. 

5 

Nov. 

12.865 

4.2C. 

21 
22 

18.648 
24.882 

12.6  w. 
7.7  w. 

6 

1899,  Aug. 

12.999 

48.3  c. 

7 

27.052 

26  I  c. 

23 

1900 

Jan. 

10.649 

7.7  c. 

8 

Sept. 

12.950 

57  w. 

24 

21.740 

21.7  w. 

9 

20.006 

5.1  w. 

25 

Feb. 

11.724 

50.0  w. 

10 

20.919 

3  5W. 

26 

26.726 

55-2  w. 

11 

20  933 

5.4  w. 

27 

26.740 

54-8  c. 

12 

25909 

6.6  c. 

28 

Aug:. 

2.012 

36  c. 

*3 

Oct. 

3.988 

14.8  c. 

29 

Sept. 

19.944 

55-5  c 

14 

16.912 

32.9  c. 

30 

24.950 

53.9  c. 

15 

16.929 

320  c. 

31 

27.005 

53-7  c. 

16 

31.892 

520  c. 

[Measures  of  the  plates  by  Campbell  and  Wright  are  indicated  by  c.  and  w. 
respectively.  ] 

The  presence  of  the  second  component's  spectrum  interferes 
considerably  with  the  measures  of  that  of  the  first  component, 
and  the  probable  error  of  a  single  observation,  ±  o.  50  kilometer, 
deduced  by  Dr.  Reese,  is  as  small  as  could  be  expected. 
Measures  of  the  speed  of  the  second  component  are  somewhat 
uncertain,  but  an  estimated  range  of  from  —  3  to  +  63  kilometers 
will  not  be  far  from  the  truth.  The  masses  of  the  two  com- 
ponents are  therefore  as  1.26  to  1. 

The  solar-type  component  is  estimated  to  be  half  a  magnitude 
brighter,  photographically,  than  the  bluer  component.  In  the 
visual  portion  of  the  spectrum  the  solar  component  is  probably  at 
least  a  whole  magnitude  the  brighter  of  the  two. 

Inasmuch  as  the  spectroscope  takes  account  of  the  component 
of  speed  in  the  line  of  sight,  and  is  powerless  to  measure  the 
component  at  right  angles  to  the  line  of  sight,  the  spectroscopic 
orbit  is  determinate  in  form,  but  indeterminate  in  size.     The 
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inclination  of  the  orbit-plane  remains  unknown.  The  minimum 
orbit  capable  of  satisfying  the  observed  velocities  corresponds  to 
the  case  of  the  orbit -plane  passing  through  the  observer.  In  this 
case,  the  maximum  distance  between  the  two  components  would 
be  about  85,000,000  kilometers  ;  and,  if  Elkin's  value  of  the 
parallax  of  Capella,  o".o8,  is  correct,  the  angular  separation  of 
the  components,  as  viewed  from  the  solar  system,  would 
approximate  ©",045  when  passing  through  the  nodes.  Such  an 
orbit  would  give  rise  to  eclipses  every  fifty-two  days.  No 
variations  in  the  brightness  of  Capella  having  been  observed,  it 
is  said  to  assume  that  the  orbit-plane  makes  an  appreciable  angle 
with  the  line  of  sight 

In  the  case  of  a  great  number  of  orbit- planes  distributed 
fortuitously,  the  most  probable  value  of  the  angle  between  the 
normal  to  the  orbit-plane  and  the  line  of  sight  would  be  6o°. 
The  corresponding  angular  separation  of  the  components  at  the 
nodal  points  would  be  about  o'\o5z.  In  case  this  angle  should 
be  30°,  the  corresponding  separation  would  be  0^,09. 

The  question  as  to  whether  Capella  could  be  observed  as  an 
ordinary  double  star  early  arose.  It  was  most  carefully  examined 
with  the  36- inch  refractor  on  several  occasions  in  1900  and  1901 
by  Messrs.  Hussey  and  Aitken,  and  on  one  occasion  by  Mr. 
Perrine;  but  neither  duplicity  nor  elongation  could  be  detected. 
Their  observations  were  made  under  the  most  favorable  condi- 
tions, and  we  may  conclude  that  the  angular  separation  of  the 
components  is  less  than  o".o6. 

A  discussion  of  the  probable  masses  of  the  components  with 
reference  to  the  mass  of  our  Sun  seems  to  be  futile,  on  account 
of  the  impossibility  of  harmonizing  the  best  available  data  for 
the  parallax  and  brightness  of  Capella,  the  brightness  of  our  Sun 
and  the  angular  separation  of  the  components. 

1901,  July  25.  W.  W.  Campbell. 

A  Determination  of  the  Orbit  of  Capella. 
[abstract.]* 
The  computation  is  based  on  the  thirty-one  observations  of  the 
veloc  ity  in  the  line  of  sight  of  the  solar-type  component  given  in 
the  preceding  note.  The  method  of  computing  the  orbit  is 
exactly  that  given  by  Lehmann-Filh£s  (A.  N.  3242^,  except 
that  in  the  equations  of  condition  the  correction  to  the  velocity 


*  The  complete  paper  is  printed  in  Lick  Observatory  Bulletin,  No.  6. 
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of  the  center  of  mass  of  the  system  is  introduced  as  a  sixth 
unknown,  with  coefficient  unity.  The  period,  104. 1  days,  was 
assumed  as  best  agreeing  with  the  observations,  and  the  observed 
velocities  were  plotted  as  functions  of  the  time  interval  after  the 
next  preceding  minimum,  assuming  September  18.9,  1899,  ^  a 
time  of  minimum.  A  smooth  curve  was  drawn  through  the 
points  so  obtained,  and  by  means  of  a  planimeter  the  line  repre- 
senting the  velocity  of  the  center  of  mass  of  the  system  was 
drawn  so  as  to  inclose  equal  areas  with  the  portions  of  the  curve 
above  it  and  below  it.  The  other  requisite  quantities  were  then 
obtained  in  the  way  shown  in  the  article  already  cited.  From 
the  set  of  provisional  elements  thus  found,  an  ephemeris  was 
computed  after  first  combining  certain  of  the  observations  in 
pairs  so  as  to  form  in  all  twenty-seven  normal  places.  From 
the  residuals  derived  by  comparing  the  observations  with  this 
ephemeris,  equations  of  condition  were  set  up  and  solved  in  the 
usual  manner. 

The  probable  error  of  a  single  observation  was  found  to  be 
dtz  0.50  kilometers  per  second.  The  final  values  of  the  elements 
with  their  probable  errors  are:  — 


fl  =  0.060403 

:±  0.000014  radians 

w=  ii7°.3 

±  i8°.3 

T  =  —17.4  days 

±5.3   days,    the    actual   date 

being  Sept.  1.5,  1899 

e  =  -f- 0.0164 

±  0.0055 

K  =  25.76 

±0.12 

U  =  104.022  days 

d=  0.024  days 

sin  i  =  36,847,900  kilometers 

v  =  +  30.173 

±  0. 104  kilometers  per  second 

The  great  uncertainty  in  the  values  of  «  and  T  is  due  to  the 
fact  that  the  orbit  is  nearly  circular.  The  probable  errors  of  the 
other  quantities  are  small  in  view  of  the  difficulty  in  measuring 
the  spectrum  of  this  star. 

It  will  be  recalled  that  Vogel  and  Scheiner  photographed 
the  spectrum  of  this  star  from  October  6,  1888,  to  September  15, 
1889,  but  failed  to  detect  its  binary  character,  their  spectroscope 
being  apparently  incapable  of  resolving  its  composite  spectrum. 
By  carrying  back  the  period  of  104.022  days  to  1888  and  1889, 
their  observations  can  be  compared  with  the  orbit.  It  is  found 
that  their  plate,  number  19,  was  taken  at  a  time  when  the  relative 
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velocity  of  the  two  components  was  about  zero.  This  plate  they 
marked  ' 'excellent/'  Four  other  plates,  numbered  respectively 
14,  15,  1 8,  and  67,  and  marked  flvery  good/'  ''good,"  etc, 
were  taken  at  times  when  the  velocity  of  the  solar  component 
retative  to  the  center  of  mass  was  nine  kilometers  or  less.  One 
plate,  number  95,  is  marked  as  rather  poor  except  for  a  good  Hy 
line,  although  the  velocity  of  the  solar  component  relative  to  the 
center  of  mass  was  only  six  kilometers.  With  this  exception  all 
plates  marked  " verwaschen/'  ** uncertain/'  etc.,  were  taken 
when  the  relative  velocity  of  the  two  components  was  very  large, 
and  therefore  the  two  spectra  were  very  much  separated,  so  as 
to  cause  a  blurring  of  the  composite  spectrum, 

July  2$,  1901.  H.  M.  Reese. 

Scientific  Visitors  to  the  Lick  Observatory, 

The  Lick  Observatory  was  favored  with  visits  from  the  follow- 
ing persons,  returning  to  their  homes  from  the  Sumatra  eclipse 
stations:  — 

F.  W.  Dyson,  Esq.,  F,  R,  S.,  Chief  Assistant  in  the  Royal 
Observatory,  Greenwich, 

Dr.  W.  T.  Humphreys,  of  the  Department  of  Physics,  Uni- 
versity of  Virginia. 

Dr.  Gilbert,  of  the  Department  of  Physics,  Lehigh  Univer- 
sity. 

Professor  Dr.  A.  A.  Nijland,  Director  of  the  Observatory, 
Utrecht,  Holland. 

Dr.  J.  H.  Wilterdink,  Astronomer  in  the  Royal  Observa- 
tory, Leiden,  Holland. 

Professor  and  Mrs.  D.  P.  Todd,  of  Amherst  College. 

W.  W.  C. 

Astronomical  Telegrams. 
(Translation.) 
Cambridge,  Mass.,  Aug.  6,  1901. 
To  Lick  Observatory:  (Received  Aug.  7,  9  p.m.) 

Wilson,  at  Northfield,  Minn.,  telegraphs  that  he  observed 
Encke's  periodic  comet  on  its  return  on  August  5.8924  G.  M.  T. 
in  R.  A.  6h  2n  2'.8;  Decl.  +  310  42'  30". 

(Signed)  E.   C  Pickering. 

[A  cablegram  from  Kiel,  giving  a  sweeping  ephemeris  of 
Encke's  comet  computed  by  Thonberg  was  received  at  the 
Lick  Observatory  on  August  5,  1901,  at  4  p.  m.] 
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Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  carrying  out  the  work  of  this  department.  Communications  of  general  interest  will  be 
gladlv  received,  and  may  be  sent  to  Sidney  D.  Townlby,  2023  Bancroft  Way,  Berkeley, 
California. 


Mr.  Frederick  H.  Seares,  who,  while  Instructor  in 
Astronomy  in  the  University  of  California,  took  an  active  part 
in  the  conduct  of  the  affairs  of  the  Astronomical  Society  of  the 
Pacific,  has  been  elected  Professor  of  Astronomy  in  the  Uni- 
versity of  the  State  of  Missouri.  Professor  Seares  has  been 
studying  in  Berlin  and  Paris  during  the  past  two  years. 


On  September  5th  the  students  in  astronomy  at  the  University 
of  California  enjoyed  an  "astronomical  talk"  by  Professor 
David  P.  Todd,  of  Amherst  College,  who  is  passing  through 
California  on  his  return  from  the  Island  of  Singkip,  where  the 
last  solar  eclipse  was  observed.  Professor  Todd  reports  that 
clouds  unfortunately  interfered,  and  that  his  programme  of  work 
was  therefore  only  partially  carried  out. 


4 '  Some  Advances  made  in  Astronomical  Science  during  the 
Ninteenth  Century,' '  is  the  title  of  an  address,  printed  in  Science 
for  July  5th,  recently  delivered  at  the  University  of  Pennsylvania 
by  Professor  C.  L.  Doolittle. 

A  new  astronomical  observatory  with  increased  equipment, 
including  the  equatorial  telescope  which  formerly  belonged  to  the 
late  Judge  Napp,  of  New  Jersey,  is  being  erected  at  Lincoln 
University,  Pa.  This  will  be  used  mainly  for  purposes  of  instruc- 
tion under  the  directorship  of  Professor  Walter  L.  Wright, 
Jr.,  who  has  for  a  number  of  years  been  in  charge  of  the 
department  of  mathematics  at  that  institution. — Science,  August 
gth.  

The  Council  of  the  Astronomische  Gesellschaft  has  under- 
taken the  preparation  of  a  new  Catalogue  of  Variable  Stars  and 
has  delegated  the  conduct  of  the  work  to  a  committee  consisting 
of  Professors  Dun£r,  Hartwig,  Muller,  and  Oudemans. 
The  committee  request  observers  of  variable  stars  who  have  con- 
siderable unprinted  series  of  observations  which  would  be  useful 
in  the  correction  of  elements  either  to  publish  them  soon  or  to 
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communicate  them   to  the  member  of  the  committee  in  charge 
(Professor  G,  Muller,  Potsdam  Observatory). 

committee  also  announces  that  it  will   from  the  present 

?  undertake  the  definitive  notation  of  newly  discovered  vari- 

as  soon  as  their  light* fluctuations  are  certainly  ascertained. 

:  will  shortly  be  published  of  the  names  of  variables  found 

;ent  years  which  have  heretofore  remained  unnamed. 


ience  for  August  9th  contains  a  review  of  the  Astron&mischei 
*    etic/it,  by  Professor  George  C  Comstock,  from  which 
*  ouoie  the  following  introductory  historical  statement: — 

"       is  series  of  annual  volumes,  whose  somewhat  cumbrous  title  is 

bbreviated  to  the  symbol  A  J  Bt  owes  its  inception  to  its 

rfessor  Wi5LiC£NU5i  who  in  September,   1898,   submitted  to 

sche  Gesellschaft  a  well -el  aba  rated  plan  for  a  year-book 

re  both  as  an  annual  summary  of  current  astronomical 

aii  a  bibliography  sufficiently  complete  for  the  use  of 

r  investigators.     The  proposal  was  favorably  received 

1  not  only  gave  its  official  sanction  and  pecuniary 

r  taking,  but  also  appointed  a  committee,  consisting; 

;kk,  BkUNS,  and  Mullbr,  to  confer  with  the  editor 

the  future  volumes  and  the  manner  of  their  arrange- 

«cm.  

Encke's  periodic  comet  was  well  seen  at  this  observatory  at 

3b  45™  this  morning,  August  14,  1901.     It  was  then  in  a,  6h  58m 

and  in  -f  8,  300  34',  with  rapid  motion  toward  the  southeast. 

The  comet  was  quite  large,  faint,  diffuse,  and  presented  a  minute 

trace  or  condensation  of  light,  supposed  to  be  a  nucleus.     The 

light  was  white,  sky  clear,  air  steady,  and  the  observation  was 

considered  satisfactory.  Edgar  L.  Larkin,  Director. 

Mount  Lowe  Observatory,  Cal.  , 
August  14,  1901.       


In  a  work  entitled  "Ueber  die  Ursache  der  Nordlichter"  the 
Swedish  chemist  S.  Arrhenius  advances  a  theory  in  explana- 
tion of  the  phenomena  of  the  Aurora  Borealis  and  of  the  solar 
repulsion  of  comets.  The  work  is  reviewed  at  length  by  A.  W. 
Augur  in  the  June  number  of  the  Astrophysical  Journal. 

The  explanation  has  for  a  basis  the  electromagnetic  theory 
of  Clerk  Maxwell  who  proved  that  in  a  medium  in  which 
electromagnetic  or  light-waves  are  propagated,  a  pressure  is 
produced  in  the  direction  of  propagation  which,  at  any  point, 
is  numerically  equal  to  the  total  energy  per  unit  volume. 
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Solar  repulsion  of  the  tails  of  comets,  and  the  apparent  ejec- 
tion of  matter  from  the  Sun  to  form  the  corona  and  solar  projec- 
tions, have  long  puzzled  scientists  as  seeming  exceptions  of  the 
law  of  gravitation.  Kepler  attempted  the  first  explanation, 
basing  his  hypothesis  on  the  emission  theory  of  light,  supposing 
that  the  matter  might  be  repelled  by  the  impact  of  the  corpus- 
cles. Newton  accounted  for  the  phenomenon  by  supposing 
such  a  difference  in  the  density  of  the  surrounding  medium  as 
causes  the  ascension  of  hot  air  and  smoke.  Euler,  in  the 
eighteenth  century,  held  that  light-waves,  which  he  supposed  to 
consist  of  longitudinal  vibrations  in  the  ether,  were  competent 
to  produce  repulsion.  This  view  was  so  severely  criticised  that 
it  was  soon  abandoned.  Nevertheless,  if  Maxwell's  electro- 
magnetic theory  of  light  be  accepted,  it  appears  that  Euler  was, 
in  the  main,  right. 

A  calculation  of  the  radiant  energy  of  the  Sun  is  given,  the 
result  being  equal  to  592  X  10  ~ IO  gram-centimeters  at  the  dis- 
tance of  the  Earth.  At  the  surface  of  the  Sun  this  is  much 
greater,  being  equal  to  2.75  X  10  ~3  grams  per  square  centi- 
meter. This  pressure  is  always  away  from  the  Sun,  and  since 
the  weight  of  a  body  at  the  Sun  is  27.47  times  its  weight  at  the 
Earth,  a  body  of  unit  density  and  a  cube  of  one  centimeter, 
suspended  so  that  its  lower  surface  were  perpendicular  to  the 
Sun's  rays,  would  lose  about  one  ten-thousandth  part  of  its 
weight.  If  the  body  were  more  or  less  transparent  a  deduction 
would  have  to  be  made  for  the  light  transmitted;  but  if  the  body 
were  a  perfect  reflector  the  effect  would  be  doubled;  so  perhaps 
computations  based  on  the  assumption  that  all  radiations  are 
absorbed  will  be  near  the  truth. 

An  assumption  is  then  made  of  the  size  of  the  particles  which 
could  be  acted  on  by  the  Sun's  rays  to  effect  a  total  loss  of  weight. 
According  to  Bredichin,  the  matter  composing  the  tails  of 
comets  is,  at  perihelion,  repelled  from  the  Sun  with  a  force 
of  1.5  to  18.5  times  its  weight.  Assuming  that  the  tails  of 
comets  are  composed  of  gaseous  hydrocarbons  whose  density 
could  hardly  exceed  0.8,  the  computed  diameter  of  the  particles 
to  be  thus  repelled  would  lie  between  o.i/u.  and  L.25/^.  Such 
particles  would  be  larger  than  simple  molecules,  as  micro-organisms 
of  a  diameter  not  greater  than  0.3/1.  have  been  observed,  which, 
being  of  complicated  organic  molecules,  are  larger  than  the  simple 
inorganic  particles. 
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Upon  this  theory  is  based  explanation  of  ihe  origin  and 
behavior  of  comets*  As  a  comet  approaches  the  Sun,  there  is 
developed  on  the  side  toward  the  Sun  an  extension  of  the  coma. 
This  is  accounted  for  by  supposing  that  the  head  of  the  comet 
is  composed  of  solid  or  liquid  hydrocarbons  of  relatively  high 
boiling-point,  which  are  vaporized  under  the  intense  heat  of  the 
Sun;  while  the  particles  are  comparatively  large  they  fall  towards 
the  Sun>  but  with  their  further  dissipation  they  will  be  repelled 
and  form  part  of  the  tail.  If  the  nucleus  is  heterogeneous,  parti 
cles  of  many  sizes  may  be  formed t  which,  by  their  varying  degrees 
of  repulsion,  may  give  rise  to  several  distinct  tails,  as  in  the 
comet  of  1 774. 

A  variation  in  size  of  the  particles  explains  the  fact  that  the 
repulsion  of  the  tail  is  not  always  proportional  to  the  inverse 
square  of  its  distance  from  the  Sunf  Comets  are  more  numer- 
ous and  brighter  in  years  when  sun -spots  are  plentiful  or  the 
times  when  the  solar  activity  was  at  a  maximum.  This  means 
the  repulsion  of  M  cosmic  dust11  inlo  space,  which  particles  may 
aggregate  till  they  again  fall  to  the  Sun  in  the  form  of  comets. 
This  l*  cosmic  dust"  may  account  for  the  phenomena  of  the  solar 
corona  and  the  Zodiacal  Light, 

It  is  almost  certain  that  these  particles  would  be  highly  electri- 
fied, and  developing  cathode  and  Roentgen  rays,  would  ionize 
the  surrounding  gases.  The  negative  ions  would  form  centers 
of  condensation  for  the  "cosmic  dust,"  which,  leaving  the  Sun 
and  the  positive  ions  behind,  would  pass  outward  into  space. 
The  sunny  side  of  the  Earth  would  receive  a  constant  stream  of 
negatively  charged  particles  which  would  remain  in  the  upper 
air.  The  atmosphere  would  be  most  strongly  charged  in  the 
direct  line  between  the  Earth  and  the  Sun,  and  in  this  region 
cathode  rays  might  be  developed.  Under  the  action  of  the  ultra- 
violet light,  which  would  render  the  air  conducting,  the  charges 
would  be  gradually  conducted  toward  the  less  illuminated  regions 
to  the  north  and  south. 

This  theory  of  the  formation  of  cathode  rays  overcomes  the 
objections  raised  to  the  statements  of  Dr.  Paulsen,  who  con- 
cluded they  were  the  same  as  the  Aurora  Borealis,  on  account 
of  their  similarity  in  essential  characteristics. 

Since  cathode  rays  tend  to  follow  the  lines  of  force  in  a  mag- 
netic field,  the  rays  will,  near  the  equator,  lie  in  the  upper  air 
where  the  lines  of  force  are  parallel  with  the  surface  of  the  Earth. 
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At  the  poles,  where  the  lines  of  force  dip  towards  the  Earth,  the 
cathode  rays  in  following,  will  reach  denser  strata  of  air,  which 
produces  the  illumination  of  the  Aurora. 

Practically  all  the  known  facts  concerning  the  Aurora  harmon- 
ize with  the  theory  that  the  light  is  produced  by  the  cathode 
rays  which  arise  from  negatively  electrified  particles  repelled 
from  the  Sun.  The  remarkable  identity  of  the  eleven-year 
periods  of  the  Aurora  and  sun-spots,  the  annual,  monthly,  and 
daily  variations  in  the  number  and  intensity  of  the  Aurora  follow- 
ing closely  the  variations  in  the  positions  of  the  Sun,  and  the 
intensity  of  its  light  may  all  be  much  more  satisfactorily  ex- 
plained by  this  theory  than  perhaps  by  any  other. 


The  variability  in  light  of  Eros  forms  the  subject-matter  of 
Harvard  College  Observatory  Circular  No.  58,  and  in  it  Professor 
£.  C.  Pickering  reviews  the  theories  advanced  as  an  explana- 
tion of  the  variability. 

If,  as  it  seems  probable,  we  assume  that  the  variation  is  due 
to  the  rotation  of  the  planet,  we  can,  from  measures  of  its  light, 
determine  the  time  of  rotation  and  the  direction  in  space  of  the 
axis  of  rotation. 

Four  corrections  must  be  made  to  the  observations:  (1)  for  the 
velocity  of  light;  (2)  for  the  distance  of  the  Sun  and  the  Earth; 
(3)  for  phase;  and  (4)  for  the  direction  of  the  axis  of  rotation. 

Of  the  two  explanations  advanced, —  (1)  that  the  variation  is 
due  to  one  side  of  the  planet  being  darker  than  the  other,  and 
(2)  that  it  is  due  to  the  rotation  of  two  bodies, —  Professor  Picker- 
ing seems  to  lean  towards  the  latter.  In  the  first  case,  the  suc- 
cessive maxima  would  always  have  the  same  intensity,  and 
would  succeed  each  other  at  equal  intervals,  which  would  be 
equal  to  the  period  of  revolution,  and  this  is  not  true.  In  the 
second  case,  if  the  two  bodies  differed  in  diameter,  the  successive 
maxima  and  minima  might  have  unequal  intensities;  and  if  the 
orbit  were  elliptical,  the  intervals  between  them  would  be  alter- 
nately long  and  short.     This  seems  to  be  the  case  with  Eros. 

On  the  other  hand,  if  the  variation  in  light  is  caused  by  two 
similar  bodies  alternately  eclipsing  each  other,  it  is  difficult  to 
see  how  more  than  half  of  the  light  can  be  cut  off  in  each  case, 
and  the  minima  be  more  than  three  quarters  of  a  magnitude 
fainter  than  the  maxima.  It  then  becomes  necessary  to  assume 
that  the  two  bodies  are  of  unequal  brightness,  that  they  are  elon- 
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gated,  or  that  we  have  a  single  body;  of  the  shape  of  a  dumb- 
bell. Some  observers  have  found  the  minima  two  magnitudes 
fainter  than  the  maxima.  To  account  for  this,  we  should  be 
obliged  to  assume  that  one  axis  of  the  body  was  six  times  as  long 
as  that  at  right  angles  to  it.  Observations  show  that  the  light 
of  Eras  is  continually  varying;  while  if  the  case  were  that  of 
a  simple  eclipse,  as  in  the  stars  of  the  Algol  type,  we  should 
expect  that  it  would  retain  its  full  brightness  for  a  large  portion 
of  the  time. 

Photographs  of  Eros  taken  in  1893,  1S94,  and  i$96,  furnish 

material  for  determining  the  constants  mentioned  above.     Those 

of  1S93  and  1 89+,  which  were  exposed  an  hour  or  more,  and  in 

;ch  the  planet  trailed  upon  the  plate,  showed  tittle  variation 

,     The  plates  taken  in   1896  give  more  conclusive  evi- 

J  changes.     In  1898,  photometric  measures  were  made, 

1   they   furnish   an  accurate   determination  of  the  times  of 

*n  and  minimum  and  of  the  range  for  that  epoch. 

ot  a  large  number  of  photometric  measurements 

:,  but  the  results  have  not  been  analyzed.     This 

ocu        a  future   '"circular."     On    May  8th,    Professor 

ii^ERiNG  announced  that  the  variation  in  the  light  from  the 

planet  had  become  zero. 


The  first  brief  despatches  announce  that  the  attempt  made  by 
the  expedition  to  Sumatra  from  the  Massachusetts  Institute  of 
Technology  to  photograph  the  shadow-bands  at  the  time  of 
an  eclipse  was  successful.  A  writer  in  Engineering  News  of 
August  1st  thus  describes  the  bands  and  the  apparatus  used. 

Professor  Alfred  E.  Burton,  who  is  in  charge  of  the 
Sumatra  expedition,  has  associated  with  him  George  L.  Hos- 
mer,  of  the  Engineering  Department;  Mr.  Harrison  W.  Smith, 
of  the  Department  of  Physics,  and  Mr.  G.  H.  Matthes,  a 
graduate  of  the  institute,  now  in  the  U.  S.  Geological  Survey. 
Before  going  abroad  this  party  especially  studied  this  shadow- 
band  problem,  and  devised  means  for  better  recording  them  for 
later  study. 

Heretofore  these  bands  have  only  been  observed  visually. 
These  quivering  bands  of  light  and  shade  were  noted  upon  the 
walls  of  buildings  or  on  the  white  sand;  and  the  first  attempts  at 
record  were  made  by  spreading  a  sheet  on  the  ground  upon 
which  sticks  were  placed  to  show  the  direction  of  the  shadows 
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and  their  movements.  A  slight  advance  upon  this  method  was 
the  use  of  long  strips  of  canvas  marked  with  black  lines  to  facili- 
tate visual  measurements  of  the  bands.  Sticks  painted  in  alter- 
nate colors  have  also  been  employed,  while  an  assistant  sometimes 
ran  with  the  shadows,  so  as  to  furnish  a  comparative  standard  for 
estimating  tl\eir  velocity.  Methods  of  this  kind  were  used  by 
Professor  William  H.  Pickering,  in  observing  at  Granada, 
Spain,  the  eclipse  of  August  29,  1896. 

But  as  these  attempts  at  record  are  manifestly  crude,  all 
theories  regarding  these  shadows,  based  upon  them,  are  more  or 
less  speculative.  Professor  Pickering  reported  that  some  of 
the  bands  were  six  feet  long,  and  some  of  unknown  length;  that 
some  moved  at  the  rate  of  only  six  miles  an  hour,  and  others  at 
the  rate  of  an  express  train,  and  some  moved  in  an  undulatory 
fashion,  with  the  speed  of  the  wind. 

He  believed  that  the  bands  were  due  to  disturbances  of  the 
atmosphere,  and  were  not  due  to  the  shadow  of  the  Moon,  which 
moves  at  the  rate  of  a  mile  a  second.  He  assumed  that  every 
star  cast  its  shadow- bands  too  faint  to  be  seen,  and  demonstrated 
this  by  producing  artificial  bands  on  the  observatory  wall  at 
Cambridge  by  an  electric  light  located  three-quarters  of  a  mile 
away. 

During  the  eclipse  of  January  1,  1889,  Mr.  Winslow  Upton 
observed  at  Willows,  Cal. ,  shadow-bands  an  inch  in  width  and 
three  or  four  inches  apart,  and  apparently  stationary;  but  an 
endeavor  to  photograph  them  in  the  ordinary  way  under  favor- 
able circumstances  proved  a  failure.  In  recent  eclipses  long 
dark  bands  separated  by  light  spaces  have  been  seen,  more  or 
less  distinctly,  moving  rapidly  on  the  ground  or  on  the  sides 
of  buildings  just  before  and  after  totality.  At  the  eclipse  of  May 
28,  1900,  an  attempt  to  photograph  the  bands  on  a  screen  failed. 

The  method  used  at  the  last  eclipse  was  planned  by  Mr. 
Harrison  W.  Smith  before  leaving  Boston.  The  new  plan  is 
to  actually  expose  a  sensitive  photographic  plate  to  the  bands 
themselves,  letting  the  bands  fall  upon  it;  that  is,  in  place  of 
endeavoring  to  photograph  the  bands  as  they  appear  on  a  screen. 
It  was  proposed  to  use  a  shutter  of  the  form  of  the  Thornton- 
Picard  focal  plane  shutter.  In  the  preliminary  experiments  two 
ordinary  curtain-rollers  were  fixed  at  the  end  of  a  light  wooden 
frame,  with  an  opaque  curtain  stretched  over  the  rollers,  to  be 
rolled  up  on  one  roller,  and,  when  released,  wound  up  rapidly  on 
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the  other  by  means  of  a  spring.  This  curtain  contained  a  slot, 
and  was  stretched  directly  above  a  sensitive  plate.  When  the 
curtain  was  released,  the  slot  was  draw  a  rapidly  across  the  plate, 
which  was  then  exposed  to  whatever  light  happened  to  be  Jailing" 
on  the  apparatus.  If  the  intensity  of  light  in  Sumatra  varied 
sufficiently  from  point  to  point  to  produce  visible  bands,  it  would 
appear  that  the  bands  ought  to  be  recorded  by  this  apparatus  on 
the  plate.  Again,  by  having  two  slots  in  the  curtain,  one  travel- 
ing across  the  plate  just  after  the  other,  the  velocity  of  the  bands 
could  be  determined,  since  the  bands  on  opposite  halves  of  the 
plate  would  not  join,  but  would  appear  displaced  relatively  to 
their  velocity  and  that  of  the  moving  curtain* 

Two  sets  of  apparatus  placed  at  an  angle  of  ninety  degrees 
would  record  the  bands,  whatever  their  direction  might  be ;  and 
if  the  records  obtained  in  Sumatra  are  as  intelligible  as  the  plan 
of  the  apparatus  would  presume,  astronomers  will  have  for  the 
first  time  accurate  data  for  scientific  study  of  this  particularly 
puzzling  phenomenon. 


The  meeting  of  the  Board  of  Directors  of  the  Astronomical 
Society  of  the  Pacific,  and  the  meeting  of  the  Society  itself, 
which  were  to  be  held  at  the  Lick  Observatory  on  September 
7th,  were  adjourned,  without  transacting  business,  for  lack  of  a 
quorum. 
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Truman  Henry  Safford,  for  many  years  Professor  of 
Astronomy  at  Williams  College,  died  at  Newark,  June  12th. 
From  a  short  account  of  his  life,  published  in  Science,  July  5th,  by 
Professor  Harold  Jacoby,  the  following  extracts  are  taken:  — 

"Born  January  6,  1836,  at  Royal  ton,  Vt.,  he  showed  already  in  his 
early  boyhood  the  extraordinary  arithmetical  powers  which  distinguished 
him  through  life;  for  he  could  at  all  times  multiply  mentally  very  large 
numbers,  knew  oft-hand  the  multiplication-table  to  1,000,  and  most  of 
the  logarithmic  tables  to  three  figures.  At  fourteen  he  is  said  to  have 
calculated  a  cometary  orbit,  and  he  graduated  from  Harvard  at  eighteen. 
For  some  years  he  was  observer  at  that  University  under  Bond,  and  for 
a  short  time  was  acting  director.  In  1865  he  took  charge  of  the  Chicago 
Observatory,  where  he  began  his  serious  work,  the  observation  of  one 
of  the  Astronomische  Gesellschaft  zones.  But  his  work  was  cut  short 
and  his  position  lost  through  the  great  Chicago  fire.  He  then  entered 
Wheeler's  astronomical  survey  in  the  far  West,  and  worked  during 
several  years  for  the  Government  scientific  bureaus  of  Washington.  It 
was  not  until  1876  that  he  finally  settled  down  for  life  as  Professor  of 
Astronomy  in  Williams  College,  Williamstown,  Mass. 

"  Here  was  done  his  principal  work,  which  related  especially  to  star- 
positions  and  star-catalogues.  He  made  an  elaborate  discussion  of  all 
existing  observations  of  the  stars  most  suitable  for  determining  geo- 
graphical latitudes  of  the  United  States.  This  resulted  in  a  catalogue  of 
2,018  stars,  which  was  published  by  the  Engineer's  Department,  U.  S. 
Army.  Later,  he  made  a  similar  catalogue  of  612  stars,  and  upon  it  has 
been  based  the  new  boundary  between  the  United  States  and  Mexico. 
This  was  published  in  the  report  of  the  Mexican  Boundary  Commission, 
Washington,  1898.  Safford  built  at  Williamstown  a  meridian  observa- 
tory, which  is  a  model  of  its  class.  In  it  he  installed  a  Repsold  circle, 
with  which  he  made  extensive  observations  of  the  close  polar  stars.  He 
liked  these  stars  especially,  and  the  unusually  lengthy  numerical  calcula- 
tions connected  with  them  did  not  frighten  him.  He  needed  no  observ- 
ing list,  as  his  memory  never  failed  to  give  him  the  instrumental  setting 
for  each  of  his  beloved  polars  in  every  possible  position  of  his  instru- 
ment. These  polar  observations  were  collected  and  published  by  him  in 
the  "Williams  College  Catalogue  of  North  Polar  Stars."    .    .    . 

"  More  striking,  perhaps,  was  his  confident  prediction,  in  1861,  of  the 
minute  unseen  companion  of  the  bright  star  Sirius.  Basing  laborious 
calculations  on  the  tiny  irregularities  in  existing  observations,  he  was 
able  to  show  just  where  the  little  comes  must  be.  And  there  it  was  found 
in  January,  1862,  by  Alvan  Clark,  of  Cam  bridge  port,  Mass.,  while  he 
was  testing  the  18-inch  glass  mounted  at  Evanston,  111. 

"Safford  was  a  frequent  contributor  to  astronomical  and  educa- 
tional publications,  and  a  member  of  many  learned  bodies.  The  Royal 
Astronomical  Society    of  London  honored   him  with  an  election  as 
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associate, in  *S66,  when  he  was  but  thirty  years  of  age*  Great  as  were 
his  abilities  in  astronomy,  he  was  yet  at  his  best  as  a  teacher,  Those 
who  came  under  his  influence  at  VYilliamslown  can  bear  witness  to  this; 
his  ablest  pupils  profited  most  from  his  stored  learning,  and  some  from 
among  them  are  laboring  for  astronomy  to-day.*' 

George  K,  Lawton, — In  the  unexpected  death  of  George 
\  'ON,  of  the  U.  S.  Naval  Observatory,  a  young  astrono- 

1  eat  promise  has  passed  away.     The  loss  to  American 

=an  be  appreciated  as  yet  only  by  those  who  had  the 
w        e  to  know  him  intimately.      He  was  born  October  20, 
,  and  died  at  Washington,  July  25,  1901,  after  a  brief  illness 
welve  days,  of  typhoid  fever ;  and  was  thus  less  than  twenty- 
vears  of  *»».     Under  the  guidance  of  his  father.  Professor 
Law  of  Jackson,   Michigan,   he  had  enjoyed  from 

}od  exc         t  educational  advantages,  and  in  1 S95  gradu- 
:a   in  classi        it   the  University  of  Michigan,   where  he  also 
"d  advar,         astronomical  studies  under  Professor  Asaph 
*e  Detroit  Observatory.     He  then  spent  a  year  in 
udy  at  the    University   of  Chicago,  where  the 
■  «„j  nonor  to  be  one  of  his  teachers.     He  showed  dis- 
abilities in  the  study  of  celestial  mechanics  and  of 
mgner  mathematics.     He  was  afterwards  attached  to  the  Observ- 
atory of  Yale  University  for  a  short  time,  occupied  mainly  with 
work  on  meteors;  and  then  came  to  the  Naval  Observatory  as 
one  of  the  regular  computers.     In  1897  he  took  the  degree  of 
M.  A.  at  the  University  of  Michigan. 

While  attached  to  this  observatory  he  participated  in  all  the 
transit-circle  observations  of  the  past  five  years,  much  of  which 
has  recently  appeared  in  the  Publications  of  the  U.  S.  Naval 
Observatory  (Vol.  I,  New  Series).  Last  year  he  bore  an  impor- 
tant part  in  the  observations  of  the  total  eclipse  of  the  Sun,  at 
Pinehurst,  North  Carolina.  More  recently  he  took  the  leading 
part  in  the  reductions  and  revision  of  the  Eros  observations  of 
this  observatory,  and  has  been  occupied  partly  with  equatorial 
work.  Only  a  month  ago  he  was  permanently  assigned  to  the 
26-inch  equatorial,  and  had  entered  upon  researches  of  great 
promise. 

On  account  of  his  extreme  modesty,  and  the  arrearages  of 
our  publications,  his  scientific  reputation  at  the  time  of  his  death 
was  in  no  way  commensurate  with  his  merits.  Yet  he  was  already 
a  member  of  the  American  Association  for  the  Advancement  of 
Science,  and  last  year  participated  in  the  meeting  of  the  Astro 
nomical  and  Astrophyslcal  Society  of  America. 
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His  mind  was  developed  in  admirable  symmetry  and  har- 
mony, and  his  scholarship  almost  as  good  in  Latin  and  Greek 
and  general  literature  as  in  modern  science.  He  had  that  happy 
faculty  of  cool,  quiet  judgment,  combined  with  good-nature, 
which  made  him  adequate  to  any  occasion.  Besides  possessing 
scientific  and  literary  talents  of  a  high  order,  he  was  of  a  very 
high-minded  and  noble  disposition,  universally  beloved  by  his 
associates.  Unseen  by  men,  he  continually  did  many  acts  of 
benevolence,  and  bestowed  gracious  remembrances  which  add  to 
the  charm  of  life  and  make  us  realize  that  the  high  types  written 
of  long  ago  have  not  wholly  passed  away.  He  was  an  active 
member  of  St.  Thomas's  Church  in  this  city,  of  the  Brotherhood 
of  St.  Andrew,  and  of  the  Alumni  Association  of  the  University 
of  Michigan.  During  his  residence  here  of  five  years,  he  became 
fairly  well  known  in  the  city,  more  by  the  reputation  of  his  high 
character  than  by  any  very  extensive  mingling  with  the  people. 
When  the  writer  had  to  send  the  saddest  of  messages  to  his  grief- 
stricken  family,  the  telegraph  operator,  who  knew  him  only  by 
reputation,  was  nearly  overcome,  and  said,  "  That  good  man  is 
not  long  for  this  world."  In  all  my  experience  I  have  never  met 
quite  so  modest,  so  noble,  and  so  loving  a  character. 

The  sudden  death  of  Mr.  Lawton,  almost  at  the  very  begin- 
ning of  what  promised  to  be  a  brilliant  career,  has  cast  a  deep 
gloom  over  the  entire  observatory.  He  was  indeed  the  noblest 
of  the  noble,  and  his  place  can  never  be  filled. 

Washington,  D.  C,  July  27,  1901.  T.   J.    J.    See. 

Ernst  August  Lamp. — On  May  10,  1901,  Professor  Lamp, 
Astronomer  of  the  German  Boundary  Commission,  died  in  Ger- 
man East  Africa.  Professor  Lamp  was  born  in  Kopperpahl,  near 
Kiel,  April  4,  1850.  He  studied  in  the  universities  of  Kiel, 
Berlin,  and  Gottingen,  taking  his  degree  at  the  last  named 
place  in  1874.  From  1874  to  1877,  he  was  employed  at  the 
Geodetic  Institute  in  Berlin;  from  1877  to  1883,  second  observer 
at  the  Kiel  Observatory;  from  1883  to  ^97,  first  observer  in  the 
same  institution.  Upon  leaving  the  Kiel  Observatory  in  1897, 
he  was  connected  for  some  time  with  the  Royal  Geodetic  Institute 
at  Potsdam,  and  later  with  the  Boundary  Commission  mentioned 
above. 

Professor  Lamp's  chief  astronomical  work  was  upon  comets. 
His  numerous  observations  and  orbits  have  been  published  in  the 


»84  Publications  of  the 

Aslronomteche  Arachrichien  (volumes  87  to  141).  In  volumes 
VII  and  IX  of  the  Publications  of  the  Kiel  O&serva/ory,  he  has 
published  extensive  investigations  of  the  orbits  of  the  Brorsen 
Comet  and  Comet  1S91  L  Besides  the  comet  work,  Professor 
Lamp  did  considerable  with  the  meridian- circle  and  considerable 
of  a  geodetic  nature. 

Adolf  Christian  Wjlhelm  Schur,  Director  of  the  Royal 
Observatory,  Gottingen,  died  July  1st  of  this  yean  He  was 
born  April  15,  1846,  at  Altona,  and  early  became  interested  in 
astronomy  through  a  near  relative*  A.  C.  Peterson,  then 
Director  of  the  Observatory  at  Altona,  Schur  studied  at  the 
Universities  of  Kiel  and  Gottingen,  taking  his  degree  at  the  latter 
place  in  1868,  He  then  went  to  Berlin  and,  after  working  for  a 
lime  under  Auwers  and  Foerster,  became  an  assistant  in  the 
Geodetic  Institute,  where  he  remained  until  1873,  when  he  was 
called  to  a  position  at  the  Strassburg  Observatory.  Here  he 
remained  until  1886,  when  he  was  called  to  Gottingen  to  succeed 
Klinkerfues  in  the  chair  of  Practical  Astronomy. 

While  at  Strassburg  Schur  was  engaged  in  various  investiga- 
tions with  the  instruments  of  the  observatory,  chiefly  with  the 
Fraunhofer  heliometer,  which  was  used  in  the  Transit  of  Venus 
expedition  of  1874,  of  which  Schur  was  a  member.  One  of  the 
chief  investigations  with  this  instrument  was  a  series  of  measures 
on  the  system  of  Jupiter,  which  led  to  an  exact  determination  of 
the  mass  of  Jupiter. 

At  Gottingen  also,  Schur'  s  work  was  chiefly  with  the  helio- 
meter, measurements  of  the  Prasepe  and  of  the  clusters  h  and 
X  Persei  absorbing  a  large  part  of  his  time. 
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NOTICE. 


The  attention  of  new  members  is  called  to  Article  VIII  of  the  By-Laws,  which  provides 
that  the  annual  subscription,  paid  on  election,  covets  the  calendar  year  only.  Subsequent 
annual  payments  are  due  on  January  1st  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible-  Dues  Sent  by  mail 
should  be  directed  10  Astronomical  Society  of  the  Pacific*  819  Market  Street,  San  Francisco. 

It  is  intended  that  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  be  was  elected  to  membership  and  for  all  subsequent 
years.  If  theTe  have  been  (unfortunately  1  any  omissions  in  this  matter,  it  is  requested  lhai 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  he  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Publication*  of  the  Society  as  gent  10 
them.  Once  each  year  a  title-page  and  contents  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  States  can 'obtain  books  from  rhe  Society's  library 
by  sending  his  library  card  with  ten  cents  in  stamps  lo  the  Secretary  A.  S.  P.,  819  Market 
Street,  San  Francisco,  who  will  return  the  book  and.  the  card. 

The  Committee  on  m  desires  to  say  that  the  order  in  which  papers  are 

printed  in  the  Pttb/icatiutts  hi  decided  simply  by  convenience.  In  a  general  way,  tbo*e 
pipers  are  printed  first  which  are  earliest  accepted  for  publication.  It  is  not  possible  to 
send  proof  sheets  of  papers  to  be  printed  lo  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  wi  II 
send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows;  a  block  of  letter  paper,  40  cents;  of  note  paper,  25  cents: 
a  package  of  envelopes,  25  cents.  These  prices  include  postage,  and  should  be  re  mil  ted 
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Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  "  The  Secretary  Astronomical  Society  of  the  Pacific'* 
at  the  rooms  of  the  Society,  819  Market  Street,  San  Francisco,  in  order  that  arrangements 
»y  be  made  for  transportation,  lodging,  etc, 
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THE    LICK   OBSERVATORY-CROCKER   EXPEDITION 

TO  OBSERVE  THE  TOTAL  SOLAR  ECLIPSE 

OF    1901,    MAY    17-18. 


By  C.  D.  Perrine. 


In  continuation  of  the  expeditions  dispatched  by  the  Lick 
Observatory  for  the  observation  of  total  solar  eclipses,  one  was 
sent  to  Sumatra  to  observe  the  eclipse  of  May  17-18,  1901. 
These  expeditions  have  been  made  possible  by  the  generosity  of 
private  citizens  of  California  who  have  borne  the  expenses 
incident  to  such  undertakings.  Inaugurated  by  Colonel  Charles 
F.  Crocker,  Regent  of  the  University  of  California  and  member 
of  the  Committee  on  the  Lick  Observatory,  they  have  been 
continued  since  his  death  by  his  brother,  Mr.  William  H. 
Crocker,  of  San  Francisco. 

Owing  to  the  temporary  difficulty  of  forming  future  plans 
after  the  death  of  Director  Keeler,  the  organization  of  the 
expedition  was-  delayed  and  the  preparations  were  hurried. 
While  some  of  the  observations  planned  for  were  the  same  as 
those  undertaken  at  former  eclipses,  and  for  which  the  apparatus 
needed  but  slight  changes  to  adapt  it  to  the  present  eclipse, 
several  investigations  required  the  construction  of  entirely  new 
instruments.  The  four  telescopes  for  the  intramercurial  planet 
search,  two  spectrographs,  and  a  polarigraph  were  constructed 
and  tested  in  less  than  a  month.  The  entire  staff  of  the 
Observatory  took  up  the  work,  so  that/  notwithstanding  the 
stormy  and  unfavorable  weather,  the  equipment  was  packed  and 
ready  for  shipment  in  time  for  the  steamer  leaving  San  Francisco 
on  February  19th  for  Hongkong. 

A  rather  large  equipment  of  instruments  was  taken,  as 
previous  experience  had  shown  the  feasibility  of  obtaining 
observers  to  operate  them  at  or  near  the  station. 
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The  expedition  left  San  Francisco  on  February  19th,  on  the 
steamship  M  Nippon  Maru,M  of  the  Toyo  Kisen  Kaisha.  At 
Honolulu  we  found  the  United  States  transport  "Sheridan,"* 
and  there  exchanged  greetings  with  the  members  of  the  United 
States  Naval  Observatory  party. 

It  was  hoped  that  connection  could  be  made  with  the  North  - 
German  Lloyd  steamer  leaving  Hongkong  on  March  20th  for 
Singapore,  but  owing  to  almost  continuous  heavy  weather  and 
head  winds  as  far  as  Yokohama,  we  were  two  days  late  at  the 
latter  port,  and  reached  Hongkong  only  in  time  to  see  the 
coveted  steamer  leaving  the  dock. 

Fortunately,  however,  the  "China,*1  a  steamer  of  the  Austrian 
Lloyd  Steamship  Company,  was  found  to  be  leaving  in  two 
days.  After  a  good  run  of  five  days,  Singapore  was  reached 
on  March  27th.  The  steamer  of  the  Koninklijke  Paketvaart* 
Maatschappij  left  on  the  29th  for  Batavia.  Although  having  a 
full  cargo  of  freight  and  a  heavy  passenger- list,  the  agents  made 
room  for  us,  placing  the  instruments  in  the  second-class  cabins. 
Batavia  was  reached  on  March  31st.  The  through  steamer  for 
Europe  of  the  Stoomvaart-Maatschappij  Nederland  was  leaving 
Batavia  on  April  3d,  stopping  at  Padang  for  through  passengers 
and  freight  only.  Again  the  steamship  company  was  most 
accommodating,  giving  us  passage  on  a  crowded  steamer,  and 
placing  the  eclipse  freight  in  the  baggage-room.  Thus  we 
arrived  in  Emmahaven  on  April  5th,  at  daylight,  fully  ten  days 
earlier  than  was  expected  when  we  left  California.  Almost  the 
first  sight  to  greet  our  eyes  in  the  harbor  at  Emmahaven  was  the 
United  States  steamer  "  General  Alava,"  with  the  astronomers 
of  the  United  States  Naval  Observatory  party  on  board,  they 
having  arrived  from  Manila  the  evening  before. 

From  Hongkong  to  Padang  it  was  noticed  that  often  when 
the  sky  near  the  zenith  was  fairly  clear  of  clouds  they  seemed  to 
hover  about  the  land,  particularly  the  mountains,  and  rain  was 
often  seen  to  fall  there.  Observations  at  Padang  for  several  days 
after  arrival  showed  that  the  clouds  gathered  about  the  mountain- 
tops  and  spread  thence  towards  the  plains  and  the  ocean.  The 
early  mornings  were  often  quite  clear,  but  almost  invariably 
clouds  began  to  gather  over  the  mountains  by  nine  or  ten 
o'clock,  and  rain  was  of  frequent  occurrence  in  the  after- 
noons. The  location,  therefore,  which  seemed  to  promise  best 
was  one  as  far  as  possible  from  any  high  mountains.      Padang  is 
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situated  in  the  southern  end  of  a  long  plain,  three  or  four  miles 
wide,  bounded  on  the  west  by  the  ocean,  on  the  south  by  steep 
hills,  and  on  the  east  by  the  abrupt  mountains  of  the  Barisan 
range,  rising  to  altitudes  of  3,000  to  5,000  feet.  The  probabilities 
of  a  clear  sky  seemed  to  be  as  good  in  Padang  as  anywhere  on 
the  main  island.  There  appeared  to  be  a  slight  advantage  in 
favor  of  a  station  on  one  of  the  small  low  islands  forming  a  chain 
five  to  ten  miles  off  the  coast,  but  as  the  sky  was  often  thick  with 
haze  when  not  cloudy  the  advantage  of  such  a  location  was  not 
considered  sufficient  to  counterbalance  its  disadvantages.  It  was, 
therefore,  decided  to  remain  in  Padang,  and  a  site  for  the 
station  was  chosen  on  the  abandoned  racecourse  in  the  northern 
portion  of  the  city.     Its  approximate  position  was — 

Longitude  6h  \im  20"  East  of  Greenwich. 
Latitude     o°  56'        South. 

The  programme  of  observations  was  entirely  photographic, 
and  was  as  follows: — 

1  st.  Photographs  of  the  prominences  and  inner  corona  with  the 
5-inch  Clark  lens  of  40  feet  focal  length,  after  the  method  devised 
by  Professor  Schaeberle. 

2d.  Photographs  of  the  corona  with  the  Floyd  telescope  of 
5  inches  aperture  and  70  ±  inches  focal  length. 

3d.  Photographs  of  the  outer  corona  with  the  Pierson*  (Dall- 
meyer)  camera  of  6  inches  aperture  and  32.6  inches  focal  length. 

4th.  Duplicate  photographs  of  the  region  near  the  Sun  for 
the  detection  of  any  small  planets  with  orbits  interior  to  that  of 
Mercury.  These  negatives  were  to  be  secured  with  four  telescopes 
of  3  inches  aperture  and  1 1  feet  4  inches  focal  length. 

5th.  One  photograph  of  the  spectrum  of  the  corona,  using 
one  light  prism,  and  having  the  slit  east  and  west  across  the 
Sun's  center. 

6th.  One  photograph  of  the  spectrum  of  the  corona  with  a 
spectrograph  similar  to  the  preceding,  but  having  the  slit  directed 
north  and  south,  about  2'  east  of  the  Sun's  east  limb.  These 
two  spectrographs  were  intended  to  record  any  Fraunhofer  lines 
in  the  corona. 


*This  Dallmeyer  portrait-lens  belongs  to  Hon.  W.  M.  Pikrson,  of  San  Francisco,  and 
has  been  very  kindly  loaned  by  him  for  a  number  of  eclipse  expeditions. 
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7th.  Photographs  of  the  corona  with  a  camera  of  20.75 
inches  focal  length,  having  a  double-image  prism  of  one  inch 
aperture  placed  in  front  of  it.  Photographs  were  to  be  secured 
of  both  images,  the  position-angle  of  the  prism  being  changed 
during  the  eclipse  so  as  to  have  its  principal  plane  make  angles 
of  o°,  22j£°,  450,  67^°,  and  900,  respectively,  with  the  Sun's 
equator.  Such  photographs  should  show  polarization  if  it  exists 
in  a  given  plane  to  any  considerable  proportion. 

A  large  shed  of  bamboo,  covered  with  palm  thatch  (atap), 
was  constructed  first,  serving  as  a  work-shed  and  as  a  shelter  for 
partly- mounted  instruments.  As  showers  were  frequent  and 
came  with  little  or  no  warning,  and  as  a  protection  against  the 
sun  also,  shelters  were  constructed  first  and  instruments  mounted 
under  them  afterward.  Many  of  the  rains  were  very  heavy  — 
too  heavy  to  be  turned  by  canvas.  As  the  residents  of  that  moist 
country  say,  it  rains  in  " strings," — and  the  "strings"  are 
frequently  almost  ropes.  After  three  days  of  one  heavy  storm 
it  was  noticed  that  the  hollow  bamboo  fence-posts  (just  erected) 
surrounding  the  camp  were  overflowing;  the  deepest  cavity  in 
these  was  ten  inches.  How  much  more  fell  in  the  three  days  I 
do  not  know. 

The  tropics  seem  to  be  made  of  bamboo  tied  together  with 
rattan  and  protected  from  the  rains  by  "atap."  It  was  only 
necessary  to  buy  a  small  cartload  or  so  of  bamboo  and  atap  and 
a  bunch  of  rattan;  out  of  these  materials  the  expert  Malay 
carpenters  constructed  everything.  Sills,  joisis,  rafters,  all  parts 
of  framing,  were  of  bamboo  tied  together  with  rattan.  If  a  stake 
was  wanted,  the  bamboo  pile  furnished  it.  If  a  fence  was  to  be 
built,  the  same  bamboo  pile  was  resorted  to,  the  posts  were 
made  of  the  full-sized  thicker  ends,  the  "boards"  being  long 
split  sections  passed  through  slots  cut  in  the  posts.  The  gate 
was  of  bamboo,  even  to  the  hinges  and  catch. 

Only  a  slight  elevation  was  available  upon  which  to  build  the 
tower  required  to  support  the  lens  and  tube  of  the  40-foot  tele- 
scope, and  as  no  excavation  was  possible,  it  was  necessary  to 
build  a  structure  36  feet  high.  Two  towers  were  used  after  the 
plan  adopted  by  Professor  Campbell  at  the  Indian  eclipse,  and 
used  also  in  Georgia.  The  inner  tower  was  a  mere  skeleton  of 
bamboo  to  support  the  lens.  Around  this  was  constructed 
another  tower  of  bamboo,  and  covered  with  thatch  to  protect 
the  lens-support  from  the  wind.  Upon  this  outer  tower  rested 
the  frame  of  gas-pipe  containing  the  canvas  telescope-tube. 
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The  ground  was  composed  of  sand  and  clay,  saturated  with 
water,  and  vibrations  were  easily  communicated.  The  passage 
of  a  light  cart  along  the  street  one  hundred  yards  away  caused 
such  vibrations  that  sextant  observations  were  impossible.  It 
was  feared  that  this  unsteadiness  of  the  ground  would  affect  the 
images  in  the  40-foot  telescope.  In  fact,  the  star- trails  taken  for 
focus  did  show  irregularities,  but  as  an  examination  of  the  Sun's 
image  in  transit  and  some  experiments  showed  no  vibration  in 
the  telescope,  these  irregularities  could  only  be  explained  by 
atmospheric  disturbances  at  night.  It  was  noticed  that  the  stars 
twinkled  very  markedly  on  all  but  a  few  nights. 

Owing  to  the  uncertainties  of  the  climate,  and  the  desirability 
of  having  shelter  from  the  sun  as  well  as  from  the  rain,  the  roofs 
of  the  shelters  for  the  intramercurial  telescopes  and  the  polar 
axis  were  hinged  at  the  sides  so  that  they  could  be  opened  or 
closed  in  a  few  seconds. 

All  of  the  smaller  instruments,  five  in  number,  were  mounted 
on  one  long  polar  axis,  being  driven  by  one  clock.  Although  the 
exposures  were  of  widely  varying  lengths,  by  using  black  cloths 
for  exposing-caps  and  having  all  exposures,  as  far  as  possible, 
end  at  the  same  time,  no  difficulty  whatever  was  experienced 
from  jarring. 

The  tubes  of  the  intramercurial  planet  telescopes,  four  in 
number,  were  made  of  sheet  steel,  five  inches  square  at  the 
objective  end  and  increasing  to  the  size  of  a  14  X  17  plate-holder. 
Each  of  the  lenses  was  first  mounted  in  a  brass  flange  of  good 
width.  These  were  in  turn  secured  by  three  sets  of  pushing  and 
pulling  screws  to  a  brass  casting  screwed  into  the  end  of  the  steel 
tubes.  This  arrangement  permitted  of  the  final  adjustment  for 
focus  and  collimation  with  the  same  set  of  screws.  The  telescopes 
were  mounted  in  two  pairs,  each  pair  consisting  of  two  telescopes 
exactly  parallel,  thus  permitting  two  simultaneous  exposures  of 
the  same  region  of  sky.  The  two  pairs  were  so  placed  that  their 
axes  made  an  angle  of  200  with  each  other,  and  were  rigidly 
fastened  together.  This  combination  was  then  mounted  on  an 
auxiliary  axis,  which  permitted  the  longer  axes  of  the  plates  to 
be  moved  in  the  direction  of  the  Sun's  equator.  As  the  14  X  17 
plates  used  covered  a  field  of  50  54'  by  70  8',  two  changes  of 
position  sufficed  to  cover  a  region  180  on  either  side  of  the  Sun 
along  his  equator  and  nearly  6°  in  width.  The  most  probable 
orbit  of  such  a  body  would  place    it   well  within   the  region 
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covered  by  such  a  series  of  photographs.  The  tubes  and  auxil- 
iary axis  were  mounted  in  a  large  wooden  box,  and  this  in 
turn  was  mounted  equatorial  ly  and  driven  by  a  clock  operating 
at  the  end  of  a  sector  of  ten  feet  radius.  With  the  exception  of 
the  steel  tubes,  the  mounting  was  constructed  at  the  Lick  Observ- 
atory by  our  skilled  workmen.  Though  necessarily  cunjber- 
some,  it  performed  admirably,  being  very  rigid  and  coming  to 
rest  almost  immediately  after  disturbance. 

The  performance  of  the  single  achromatic  lenses  *  used  for 
this  work  was  very  satisfactory.  Good  images  were  secured 
over  a  14  X  17  plate  with  the  exception  of  the  corners,  and  even 
here  the  distortion  was  not  serious. 

All  the  instruments  were  mounted  and  practically  in  adjust- 
ment by  May  12th,  The  intervening  time  was  devoted  to 
drilling  the  assistants,  to  checking  the  adjustments  of  the  many 
instruments,  and  to  arranging  the  final  details. 

A  dark- room  had  been  improvised,  for  night  use  only,  in  a 
small  native  bamboo  house  on  the  grounds.  Preliminary  experi- 
ments in  photographic  work  had  been  made  in  the  photographic 
department  of  the  * i  Staatsspoorweg, ' f  which  had  been  placed  at 
our  disposal  by  Mr.  Delprat,  Chief  Executive  of  these  govern- 
ment railways.  The  day  temperatures  generally  ranged  from 
850  to  900  F.,  the  air  being  almost  saturated.  The  night  tem- 
peratures were  but  little  below  8o°,  with  a  heavy  precipitation  of 
dew.  In  continued  rainy  or  cloudy  weather  the  temperature  fell 
to  from  700  to  750  during  the  night  and  early  morning.  Photo- 
graphic manipulations  under  such  conditions  were  not  easy,  but 
with  some  changes  in  the  formula,  and  by  a  liberal  use  of  ice  and 
alum,  good  results  were  secured  with  fresh  plates.  Plates 
exposed  for  any  considerable  time  to  the  action  of  the  atmosphere 
deteriorated  rapidly,  one  of  the  most  marked  changes  being  a 
great  loss  of  sensitiveness.  It  is  not  sufficient  that  the  paste- 
board boxes  containing  the  plates  shall  be  sealed;  the  only  real 
protection  is  to  have  them  hermetically  sealed  in  metal  boxes. 
The  plates  for  eclipse  work  had  been  sent  in  two  lots,  one  con- 
taining those  needed  for  the  focusing  of  the  instruments,   the 


•These  lenses  were  designed  by  Professor  W.  H.  Pickering,  and  used  by  him  at  the 
1900  eclipse.  Two  of  those  used  in  Sumatra  were  kindly  loaned  by  Professor  E.  C. 
Pickering,  Director  of  Harvard  College  Observatory.  The  other  two  were  of  the  same 
design,  made  by  Alvan  Clark  &  Sons  for  the  Lick  Observatory,  through  the  kindness 
of  Professor  Pickering. 
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other  lot  for  use  on  eclipse-day.  Each  lot  was  soldered  up 
tightly  in  a  tin  box,  that  containing  the  plates  for  the  eclipse  not 
being  opened  until  the  night  before,  when  all  the  holders  were 
loaded.  Plates  which  I  carried  along  in  my  trunk,  for  viewing 
purposes,  had  so  deteriorated,  even  before  reaching  Padang,  as 
to  be  useless. 

Offers  of  assistance  in  making  the  observations  had  been 
tendered  liberally  as  soon  as  it  was  known  that  such  help  would 
be  needed.  Fifteen  persons  were  invited  to  assist.  Rehearsals 
of  the  programme  to  be  carried  out  at  the  eclipse  were  begun 
four  days  before.  In  this  way  all  gained  familiarity  with  the 
necessary  motions,  and  the  programme  was  carried  out  with  entire 
confidence.     The  observers  and  their  stations  were  as  follows: — 

Time  was  counted  at  the  chronometer  and  the  necessary  orders  given 

(all  in  Dutch)  by  Mr.  Delprat. 
Forty-foot  telescope:  Messrs.  R.  H.  Curtiss  and  F.  Bouman. 
Intramercurial  telescopes:  The  exposures  were  made  by  Mr.  Nieuwbn- 

huvs.    The  plates  were  changed  by  Messrs.  Cleton,  Guldenaar, 

d'Hanens,  and  Perrine,  the  latter  making  the  necessary  changes 

of  position  of  the  telescopes. 
Floyd  telescope:  The  exposures  were  made  by  ist  Lieutenant  P.  L. 

de  Gaay  Fortman,   and  the  plates  changed   by  2d   Lieutenant 

Warnsinck. 
Pierson  (Dallmeyer)  camera:   The  exposures  were  made  by  Mr.  von 

der  Straeten,   and  the  plates  changed  by  Mr.  von  Leeuwen 

Boonkamp. 
Radial  slit  spectrograph:  This  instrument  was  operated  by  Mrs.  de  Gaay 

Fortman. 
Tangential  slit  spectrograph:    This  spectrograph  was  operated  by  Mr. 

Junius. 
Polarigraph :  The  exposures  were  made  by  2d  Lieutenant  Sieburgh,  and 

the  plates  changed  by  Mr.  J.  Kempens. 
Shadow  bands  were  observed  by  Mr.  Lagerwey. 

The  day  before  the  eclipse  had  been  one  of  clouds  and  rain, 
as  was  the  day  following.  Eclipse-day  dawned  not  altogether 
auspiciously,  but  with  some  promise.  Light  clouds  covered  the 
entire  sky,  but  seemed  to  be  growing  thinner,  and  occasionally 
glimpses  of  blue  sky  could  be  seen.  The  Sun's  disc  was  almost 
entirely  free  from  clouds  at  first  contact,  although  the  rest  of  the 
sky  was  generally  covered.  The  sky  did  not  improve,  however, 
as  the  eclipse  progressed.  At  no  time  during  totality  was  the 
sky  about  the  Sun  clear,  light  cirrus  clouds  and  haze  covering 
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the  entire  sky,  with  the  exception  of  a  perfectly  clear  area  near 
the  northern  horizon. 

During  the  morning  there  had  been  some  wind  from  the 
north,  west,  and  south,  but  as  the  obscuration  increased  it  began 
to  die  down.  Canvas  wind-screens  had  been  placed  about  the 
polar  axis  and  the  intra  mercurial  telescopes  during  the  morning, 
but  were  not  needed t  as  there  was  a  perfect  calm  during  totality. 
This  dying-out  of  the  wind  I  have  noticed  also  at  the  two  previous 
eclipses  which  I  have  observed. 

The  usual  phenomena  of  light  changes  and  cooling  of  the 
atmosphere  were  observed.  No  measures  of  light  intensity  were 
made,  but  a  table  of  logarithms  was  placed  where  the  light  of 
the  corona  and  surrounding  sky  shone  fairly  upon  it  and  at  mid- 
eclipse  it  was  necessary  to  look  closely  to  distinguish  the  figures. 
After  the  middle  of  totality  the  increase  of  light  was  quite  marked, 
due  partly,  in  all  probability,  to  the  increasing  cloudiness.  Dur- 
ing the  afternoon  the  sky  overhead  and  to  the  west  became 
entirely  clear. 

The  entire  programme  was  carried  through  successfully, 
although  at  that  time  there  was  scant  hope  of  many  results  of 
value.  No  attempt  was  made  to  develop  any  plates  in  daytime, 
but  during  the  following  four  nights  the  work  was  completed.  It 
was  an  agreeable  surprise  to  find  that  negatives  of  value  had  been 
secured  with  all  the  instruments. 

Following  is  a  list  of  the  negatives  secured,  with  the  principal 
data  relating  to  them,  and  a  short  description  of  the  result  on 
each: — 

List  of   Negatives. 
40-foot   Camera. 


No. 

Si«of 
PUie. 

I 

8x10 

a 

14x17 

3 

14x17 

4 

14x17 

5 

14x17 

6 

iSx  22 

7 

i:s  x  22 

a 

14x17 

9 

14x17 

10 

14x17 

11 

14x17 

12 

8x10 

kifirl    ,.!' 

Plate. 


i;*po- 

SUI-L'- 


Carbutt  B 
Seed  27  I 
Seed  27 
Seed  37 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Carbutt  B 


1 

2 

4 

16 

40 

4 

25 

8 

i 


REMARKS. 


Good. 

Good.  Detail  ofl"  E.  limb  well  shown. 

Good.  Detail  off  E.  limb  well  shown* 

Good,  Corona  to  15'. 

Good,  Corona  to  i$' - 

Goorir  Corona  to  ao'. 

Good,  E>  streamer  to  fully  1  ftj  diameters. 

Good,  But  little  corona. 

Good  About  the  mat  estensiun  as  No,  J. 

Good-  Much  less  than  Nos.  3  and  4, 

Good. 

First  flashes  of  returning  sunlight. 
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Floyd  70-iNCH  Camera. 


I 

5X7 

Seed  27 

tf 

Good. 

2 

5X7 

Seed  27 

2 

Good. 

3 

5x7 

Seed  27    1 

8 

Good. 

4 

5x7 

Seed  27 

4 

Good. 

5 

5x7 

CarbuttB 

60 

Good. 

6 

5X7 

Seed  27    1 

20 

Good. 

7 

5x7 

Seed  27    ' 

2 

Good. 

8 

5x7 

Seed  27 

a 

Good. 

Streamers  to  10'. 

Eastern  extension  to  one  diameter. 

Streamers  to  25'. 
Streamers  to  over  a  diameter. 
Extensions  only  15'. 
Extensions  only  5'. 


PlERSON    (DALLMEYKR). 


I 1 

8x10 

;  Seed  27 

a 

Eastern  streamers  to  one  diameter. 

2   < 

8x10 

'■  Seed  27 

2 

|  Eastern  streamers  to  one  diameter. 

*  ; 

8x10 

,  Seed  27 

8 

|  Eastern  streamers  to  one  diameter. 

41 

8x10 

'  CarbuttB 

30 

Over-exposed. 

5 1 

8x10 

Seed  27 

4 

|  Slide  not  drawn. 

6 

8x10 

CarbuttB 

60 

Over-exposed.    Eastern  streamer  to  i\i  diameters 

7  1 

8x10 

Seed  27 

20 

1  Slide  not  drawn. 

8  : 

8x10 

1  Seed  27 

10 

Corona  to  20'. 

9   ! 

8x10 

1  Seed  27 

2 

1  Caught  by  returning  sunlight. 

10  ; 

8x10 

Seed  27 

* 

1  Not  exposed. 

Intramercurial. 


No. 


A 
B 

c 

D 
A 
B 
C 
D 
A 
B 
C 
D 


Size  of 
Plate. 


I   14x17 

I   14X17 
14x17 

I   UXI7 
14X17 

!  14x17 
!  14x17 

;  14x17 
!  14x17 
1 14x17 
1 14x17 
14x17 


Kind  of 
Plate. 


Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 
Seed  27 


Expo-  I 
sure. 


REMARKS. 


90- 
90 
90 
90 
90 
90 
90 
90 

75 
75 
75 
75 


)  Fail 


stars. 
Faintest 


8.8  visual  magnitude, 
stars.    Faintest  =  8.6  visual  magnitude. 


1?. 
1 


stars. 
Faintest 


8.8  visual  magnitude. 
No  star  images. 


} 


No  star  images. 

and  Venus  are  distinct. 

No  star  images. 


Inner  corona  and  Mercury 


Spectrograph  I  (Slit  Tangi 

jntial). 

No. 

Size  of  Plate. 

Kind  of  Plate.         |  ***£  j 

REMARKS. 

1 

2#X3X 

Cramer  Crown    I  320" 

Good. 

Spectrograph  II  (Slit  Radial). 


2>fx3X  Cramer  Crown      320s      Good. 
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POLARIGRAPH. 


No. 

Setting, 

Site  of  Plate. 

Kind  of  Plate. 

Expo* 
sure* 

REMARKS. 

I 

o° 

3**4* 

Cramer  Crown 

I* 

Negative  good. 

2 

O 

3#*4tf 

Cramer  Crown 

IO 

Slide  not  drawn. 

3 

22# 

3#  *4# 

Cramer  Crown 

I 

Negative  good- 

4 

aatf 

3#x4tf 

Cramer  Crown 

IO 

Negative  good. 

5 

45 

3#*4# 

Cramer  Crown 

I 

Negative  good. 

6 

45 

3#x4tf 

Cramer  Crown 

IO 

Negative  good. 

7 

6?X 

3«X4« 

Cramer  Crown 

1 

Negative  good. 

3 

67^ 

3#  M# 

Cramer  Crown 

IO 

Negative  good* 

9 

90 

3^*4* 

Cramer  Crown 

I 

Negative  good. 

10 

90 

3#  x4tf 

Cramer  Crown 

IO 

Negative  good. 

The  negatives  secured  with  the  40-foot  telescope  show  the 
extreme  inner  corona  and  the  prominences  as  well,  probably,  as 
if  the  sky  had  been  clear.  The  two  long  exposures  of  40  and 
150  seconds,  respectively,  show  detail  in  the  middle  corona,  and 
the  latter  shows  the  streamers  of  the  eastern  equatorial  extension 
to  one  and  one-third  diameters  from  the  limb.  Some  of  the 
detail  at  this  distance  is  lost,  however.  A  number  of  small 
prominences,  exhibiting  considerable  detail,  are  shown  on  the 
east  limb.  One  of  these  prominences,  in  position-angle  1150,  is 
covered  by  a  series  of  marked  "  hoods/ '  or  envelopes.  There 
are  other  structures  of  this  nature,  but  much  less  pronounced. 

One  of  the  most  interesting  features  of  the  corona  was  an  area 
in  the  northeastern  quadrant  where  clouds  of  coronal  matter  were 
piled  up  as  if  by  an  explosion  on  the  Sun's  surface.  That  it  is 
true  coronal  matter  is  indicated  by  the  tangential  spectrograph 
which  had  its  slit  across  this  region.  The  disturbed  area 
appeared  to  have  its  origin  in  position-angle  650,  near  a  small 
compact  prominence,  and  masses  of  matter  are  shown  radiating 
from  it  in  almost  all  directions.  A  long  thread-like  prominence 
to  the  south  appears  to  emanate  from  this  same  region.  The 
whole  area  resembles  the  condensations  seen  in  photographs  of 
the  Orion  and  other  irregular  nebulae.  All  the  appearances  point 
strongly  to  a  direct  connection  with  an  eruption  in  some  part  of 
the  Sun's  surface,  thus  linking  the  corona  closely  with  other 
solar  phenomena,  all  requiring  a  single  explanation.  So  far  as  I 
am  aware,  no  such  appearance  as  this  in  the  corona  proper  has 
been  observed  at  any  previous  eclipse. 

The  inner  corona  is  well  shown  on  the  smaller-scale  negatives 
obtained  with  the  Floyd  telescope,  but  beyond  one  and  one- 
quarter  diameters  the  corona  was  so  faint  as  to  be  lost  in  the 
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clouds  and  haze.  This  is  also  the  case  with  the  negatives 
obtained  with  the  Pierson  camera;  in  fact,  with  this  instrument 
the  long  exposures  recorded  the  images  of  the  clouds.  Owing  to 
the  inadequacy  of  the  half-tone  process  to  bring  out  fine  details, 
illustrations  of  the  corona  are  omitted  for  the  present. 

The  clouds  interfered  most  with  the  intramercurial  planet 
search.  The  plates  taken  of  three  regions  out  of  the  six  show  92 
stars,  the  faintest  being  from  8.6  to  8.8  magnitude,  but  so  far  no 
star-images  have  been  found  on  the  plates  of  the  other  three 
regions.  A  careful  preliminary  examination  of  the  plates  was 
made  at  the  station  in  Sumatra,  but  no  suspicious  object  detected. 
A  thorough  search  of  all  the  plates  will  be  made  later,  and  it  is 
hoped  that  some  stars  may  be  found  on  all  of  the  plates,  thus 
enabling  some  conclusion  to  be  drawn  as  to  the  maximum  bright- 
ness which  any  such  body  or  bodies  can  have. 

The  earlier  exposures  with  the  polarigraph  show  the  equatorial 
extensions  of  the  corona  to  one  diameter  from  the  limb;  toward 
the  end  of  totality  only  about  one  quarter  of  a  diameter  is  shown, 
owing  to  the  increased  cloudiness.  A  large  percentage  of  polari- 
zation is  indicated  in  the  light  of  the  corona  beyond  10'  from  the 
limb,  and  the  later  exposures  point  to  a  small  percentage  of 
polarization  in  the  inner  corona  also.  This  is  true  of  all  position - 
angles,  including  the  regions  containing  the  polar  streamers. 
The  double-image  prism  used  in  this  instrument  separated  the 
two  images  about  1  %  degrees.  These  were  extremely  convenient 
for  comparison  with  each  other,  and  the  method  of  detecting 
polarization  effects  was  practically  a  differential  one. 

The  two  spectrographs  (as  well  as  the  polarigraph)  were  de- 
signed and  prepared  for  use  by  Director  Campbell  and  Assistant 
Astronomer  W.  H.  Wright.  The  results  obtained  show  both 
instruments  to  be  very  efficient  for  the  purpose  of  recording 
dark  lines  in  the  spectrum  of  the  corona.  In  a  clear  sky  the 
spectrum  of  the  inner  corona  would  have  been  over-exposed. 

Radial  Slit  Spectrograph. — The  slit  of  this  instrument  was 
placed  east  and  west  across  the  Sun's  center.  The  negative 
covers  the  region  from  X  490  to  X  360  it,  the  spectrum  extending 
on  either  side  of  the  Moon's  disc  to  over  a  diameter.  The  image 
of  a  prominence  on  the  east  limb  of  the  Sun  covered  the  slit, 
producing  very  bright  over-exposed  Zfand  K  calcium  lines,  as 
well  as  the  other  characteristic  prominence  lines.  On  either  side 
of  the  Moon's  disc  is  a  band  of  continuous  spectrum  about  8'  in 
width  without  any  trace  whatever  of  dark  lines.     Outside  of  this 
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band  at  least  35  Fraunhofer  lines  can  be  counted  between  H  ft 
and  Hy  extending  out  to  the  limits  of  the  spectrum.  Beyond 
H  fi  and  Hy  in  either  direction,  there  is  but  little  trace  of  the 
spectrum  of  the  outer  corona.  A  longer  exposure  would  doubtless 
have  shown  all  the  Fraunhofer  lines  observable  with  the  slit- 
width  and  dispersion  used.  Bright  H  and  K  lines  of  marked 
strength  extend  entirely  across  the  Moon's  disc,  and  to  a  distance 
of  40'  east  of  the  Sun's  limb,  but  show  only  feebly  on  the  west 
side  of  the  Sun.  They  are  symmetrical  with  reference  to  the 
image  of  a  prominence  on  the  east  limb,  indicating  a  diffusion  in 
our  atmosphere  of  calcium  radiations  from  this  and  other  neigh- 
boring prominences.  Comparisons  with  a  sky  spectrogram 
secured  with  the  same  instrument  show  that  the  coronal  and  sky 
spectra  are  sensibly  the  same  in  the  blue  and  violet  regions. 

Tangential  Slit  Spectrograph, —  The  slit  was  placed  north  and 
south  across  the  corona  about  2'  east  of  the  Sun's  east  limb.  The 
negative  shows  practically  the  same  range  of  spectrum  as  the  pre- 
ceding one,  with  a  width  of  rather  over  a  solar  diameter. 

The  H  and  K  lines  are  bright  and  quite  strong,  the  latter 
having  the  greater  intensity.  No  doubt  these  are  due  to  calcium 
radiations  diffused  in  our  atmosphere.  No  other  bright  lines  are 
to  be  seen.  Although  the  continuous  spectrum  is  strong,  none 
of  the  details  are  obliterated.  Several  stronger  bands  extend 
longitudinally  through  the  spectrum,  which  are  due  in  all 
probability  to  the  brighter  condensations  in  the  corona  proper. 
Many  Fraunhofer  lines  are  visible,  especially  between  Hy  and 
K,  and  can  be  traced  across  the  full  width  of  the  spectrum.  They 
are  less  distinct  where  they  cross  the  dark  belts  mentioned  above. 
The  disturbed  area  of  the  corona,  already  referred  to,  fell  across 
the  slit  of  this  instrument.  This  spectrogram  was  also  compared 
with  a  sky  spectrogram,  as  in  the  previous  case,  and  the  same 
agreement  of  the  lines  was  noted. 

A  consideration  of  all  the  facts  shows  that  the  clouds  have  not 
affected  these  results  nor  their  interpretation. 

Professor  Campbell  has  examined  these  spectrograms  and 
confirms  the  above  results. 

It  should  be  noted  that  the  spectroscopic  observations  made  at 
the  India  eclipse  of  1898  by  Professor  Campbell  also  showed  no 
trace  of  dark  lines  in  the  inner  corona.  These  spectrograms 
extended  only  to  a  distance  of  2'.  5  from  the  limb,  being  obtained 
with  high  dispersion. 
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The  preceding  spectroscopic  and  polariscopic  observations 
seem  to  point  to  a  very  definite  explanation  of  the  general  con- 
stitution of  the  Sun's  corona.  Both  methods  of  investigation 
show  that  the  light  of  the  outer  corona  is  in  great  measure 
reflected  sunlight,  whereas  the  spectrograph  shows  the  light 
from  the  inner  corona  to  emanate  principally  from  incan- 
descent matter.  These  facts,  taken  in  connection  with  the  varying 
appearance  of  the  corona,  suggest  as  the  most  probable  explana- 
tion that  very  finely  divided  matter  is  ejected  from  the  surface  of 
the  Sun  with  great  velocity,  giving  rise  to  the  streamers  and 
extensions  observed.  This  matter  may  or  may  not  be  solid  when 
it  first  leaves  the  Sun,  but  observation  indicates  that  it  is  incan- 
descent, and  probably  largely  solid,  when  it  first  becomes  visible 
above  the  layer  of  chromosphere.  While  in  a  state  of  incan- 
descence its  inherent  light  would  in  all  probability  be  so  great  as 
to  mask  the  light  which  must  be  reflected  from  the  solar  surface; 
but  a  point  would  be  reached  in  its  outward  journey  where  it 
would  become  cool  enough  for  the  reflected  light  to  become 
observable.  Actual  radial  motion  has  not*  been  observed  in  true 
coronal  matter,  but  appearances  point  far  more  strongly  to  great 
movement  than  to  a  state  of  comparative  rest. 

The  well-known  bright  lines  observed  on  many  occasions  in 
the  corona  indicate,  also,  an  irregular  but  comparatively  thin 
gaseous  envelope  about  the  Sun.  The  quantity  of  light  con- 
tained in  the  bright-line  spectrum,  however,  is  very  small  in 
comparison  with  that  composing  the  continuous  spectrum;  and 
it  is  probable  that  the  gaseous  envelope  does  not  appreciably 
affect  the  ordinary  photographs  of  the  corona. 

The  explanation  suggested  above,  deduced  through  a  different 
train  of  reasoning,  from  an  entirely  distinct  set  of  facts,  is  in 
accord  with  the  conclusion  reached  by  Professor  Schaeberle 
from  a  study  of  the  forms  of  the  coronal  streamers  shown  in 
his  large  scale  photographs  of  the  1893  eclipse,  that  these 
streamers  are  composed  of  matter  ejected  from  the  Sun  with 
great  velocity. 

The  sky  was  unfavorable  for  Shadow-Band  observations.  Mr. 
Lager  we  y,  however,  detected  faint  bands  at  the  beginning  of  the 
eclipse.  These  bands  had  wavy  outlines  at  first,  becoming  almost 
straight  toward  the  end  of  their  apparition.  The  direction  of  the 
wave  front  was  north  6o°  east  and  south  6o°  west,  the  waves 
moving  in  a  direction  at  right  angles  to  the  wave  front. 
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Times  of  Contacts. 
The  first  three  contacts  were  observed  by  me,  as  follows: — 


h.  m.  s. 

I        22        45        30.9 

II         o        18       52.3  \  mean  time  of  station. 

Ill         o       25         1.3  -±.\ 

Observed  duration  of  totality,  6m  9s. o. 


,!■ 


The  following  are  the  times  of  the  contacts  for  the  station, 
computed  from  the  data  given  in  the  American  Ephemeris: — 


( 


d. 
Beginning  of  eclipse,  May  17 

Beginning  of  totality,  May  18     o    18    49. 9  (mean  time 
->y     End  of  totality,    .    .   May  18      «    **    ** «  '  of  station. 
End  of  eclipse,    .    .  May  18 

Computed  duration  of  totality,  6m  6s. 9. 


h. 

m. 

8. 

22 

45 

16. 1 

O 

18 

49.9 

O 

24 

56.8 

I 

57 

255 

Contact  I  was  observed  with  the  sextant,  and  is  probably 
2"  or  3s  later  than  geometrical  contact.  Contacts  II  and  HI  were 
observed  without  optical  aid.  Contacts  I  and  II  were  timed 
direcdy  from  the  chronometer;  contact  III  by  means  of  the  counts 
of  the  timekeeper,  and  is  subject  to  a  possible  uncertainty  of  a 
second.  As  soon  as  possible  after  totality  the  counts  were  com- 
pared direcdy  with  the  chronometer.  The  corrections  to  the 
chronometer  were  determined  from  sextant  observations  of  the 
Sun. 

The  time  observation  secured  after  the  eclipse  indicated  a  con- 
siderable change  of  rate  of  the  chronometer  subsequent  to  the 
observation  of  the  same  morning.  About  ten  minutes  before  the 
beginning  of  totality  the  chronometer  was  removed  from  the 
shelter,  where  it  had  remained  undisturbed  on  a  pier,  in  order  to 
permit  the  timekeeper  to  have  a  view  of  the  eclipse,  and  replaced 
in  its  original  position  shortly  after  totality.  In  determining  the 
chronometer  corrections  at  the  time  of  the  contacts  it  has  been 
assumed  that  the  change  of  rate  occurred  with  the  change  of  posi- 
tion of  the  chronometer. 

The  Great  Southern  Comet. 

On  May  4th  a  telegram  was  received  from  Professor  Skinner 
announcing  that  a  brilliant  comet  had  been  observed  by  Mr. 
Dinwiddie  at  Solok,  in  the  western  sky,  just  after  sunset  of  the 
previous  evening.  The  evening  of  May  4th  was  cloudy  at 
Padang,  but  the  evening  of  May  5th  was  clear,  and  the  comet 
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was  seen  low  in  the  west  against  a  very  bright  sky.  Sextant 
observations  were  secured  of  its  position,  using  the  nearest 
available  stars.  As  the  sky  darkened  it  became  a  very  con- 
spicuous object.  It  had  a  brilliant  nucleus,  and  a  tail  6°  to  8° 
in  length.  The  Pierson  camera  was  mounted  on  the  following 
day  and  directed  to  the  place  of  the  comet.  Owing  to  the 
brightness  of  the  sky  and  to  the  lack  of  means  for  following  the 
comet,  only  short  exposures  were  attempted.  Four  negatives 
were  secured  on  May  6th,  as  follows: — 


Duration 

Length 

of  exposure. 

of  tail. 

No.  2a 

1° 

3° 

4> 

3 

3* 

i< 

7 

4 

1 

om2,d* 

The  last  plate  contained  no  image,  owing  to  the  haze  and 
proximity  of  the  comet  to  the  horizon. 

The  principal  tail  is  composed  of  two  slightly  curved  and 
nearly  parallel  streamers.  The  second  and  third  negatives  show 
a  very  faint  streamer  to  the  south,  making  an  angle  of  350  with 
the  axis  of  the  principal  tail. 

Clouds  near  the  western  horizon  prevented  any  further  obser- 
vations or  photographs,  although  the  instruments  were  left  in 
readiness  until  it  became  necessary  to  adjust  them  for  the  eclipse. 

Mr.  Ralph  H.  Curtiss,  formerly  assistant  in  the  Students' 
Observatory,  University  of  California,  was  appointed  assistant  in 
the  Lick  Observatory  from  February  15th,  and  accompanied  the 
expedition,  helping  throughout  in  the  work  of  preparing  the  sta- 
tion and  in  the  observations. 

A  most  cordial  welcome  was  extended  to  eclipse  observers  by 
the  officials  and  citizens  of  Padang,  and  I  am  largely  indebted  to 
them  for  the  results  secured.  Especial  thanks  are  due  to  His 
Excellency,  Governor  Joekes  for  introductions  to  heads  of  depart- 
ments and  for  his  interest  in  the  welfare  and  safety  of  the  expedi- 
tion at  all  times;  to  Kolonel  H.  F.  C.  van  Bijlevelt,  com- 
mander of  the  army,  who  detailed  a  number  of  his  officers  to 
take  part  in  the  observations;  to  Major  Muller,  of  the  general 
staff,  N.  I.  Army,  for  advice  as  to  the  meteorological  conditions 
and  the  choice  of  a  station,  as  well  as  for  many  practical  sugges- 
tions; to  Assistant  Resident  Hartogh  Heiss,  head  of  the  police 
department  of  Padang,  who  not  only  made  arrangements  for  the 
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location  for  the  station  and  obtained  watchmen,  but  in  his  official 
capacity  had  the  safety  of  the  camp  as  his  immediate  care.  On 
the  day  of  the  eclipse  a  body  of  twenty  special  policemen,  with 
an  equal  number  of  employees  from  the  railway,  formed  a  cordon 
about  the  camp. 

Mr.  Th.  F.  A.  Delprat,  as  chief  executive  of  the  railways,  not 
only  furnished  free  transportation  for  observers  and  apparatus  over 
the  railroads,  but  placed  a  fully  equipped  photographic  dark-room 
and  the  facilities  of  the  very  extensive  shops  and  stores  at  our 
disposal,  detailed  skilled  workmen  for  specially  important  work, 
and  at  all  times  was  ready  to  give  advice  and  cordial  help. 

Mr.  F.  Bouman,  chief  of  the  construction  department  of  the 
railways,  with  a  wide  acquaintance  of  the  natives,  practically 
superintended  the  construction  of  all  the  shelters  and  buildings 
required.  We  were  thus  relieved  of  many  of  the  trials  and  extor- 
tions incident  to  dealings  with  the  Malays  by  foreigners. 

Mr,  C.  G.  Veth,  United  States  Consul  at  Padang,  extended 
many  courtesies  to  the  eclipse  observers,  and  was  ready  at  all 
times  to  aid  them.  After  the  eclipse  and  just  before  the  depart- 
ure of  the  U.  S.  S.  " General  Alava,"  with  the  U.  S.  Govern- 
ment party  of  astronomers  aboard,  a  banquet  was  given  by 
Consul  Veth  in  the  ship's  honor,  to  which  all  the  astronomers 
were  invited.  It  was  a  great  surprise  to  hear  the  English  lan- 
guage so  generally  spoken.  A  most  enjoyable  time  and  one 
long  to  be  remembered  was  the  result. 

Social  courtesies  were  freely  extended  by  the  residents  of 
Padang,  and  served  to  enliven  our  busy  sojourn  there. 

Those  who  took  part  in  the  work  of  observation  were:  Heer 
Th.  F.  A.  Delprat,  ist  Leutenant  der  genie  P.  L.  de  Gaay 
Fortman,  2d  Leutenant  der  Infanterie  W.  H.  Warnsinck,  2d 
Leutenant  der  Infanterie  E.  Sieburgh,  Mevrouvv  de  Gaay  Fort- 
man,  Heer  J.  Kempens,  Heer  F.  Bouman,  Heer  van  Leeuwen 
Boonkamp,  Heer  von  der  Straeten,  Heer  Junius,  Heer  Cle- 
ton,  Heer  Nieuwenhuys,  Heer  Guldenaar,  Heer  d'Hanens, 
Heer  Lagerwey. 

The  greatest  enthusiasm  was  manifested  by  all  in  the  prelimi- 
nary rehearsals  as  well  as  in  the  observations  on  eclipse  day. 

Favors  were  shown  to  the  expedition  in  all  possible  ways, 
from  Mt.  Hamilton  to  Padang,  every  one  being  not  only  willing 
but  anxious  to  aid.  Among  these  especial  mention  should  be 
made  of  Mr.  Robert  Bruce,  of  the  firm  of  Balfour,  Guthrie  & 
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Co. ,  of  San  Francisco;  the  Toy o  Kisen  Kaisha;  the  Occidental 
and  Oriental  Steamship  Company;  the  Pacific  Mail  Steamship 
Company;  the  officers  of  the  5,  S.  "  Nippon  MaruM ;  Mr.  Au- 
brev  Fair,  of  Hong  Kong;  Mr.  A,  I;  Ross  and  Mr.  T\  Scott 
of  the  firm  of  Guthrie&  Co.,  Singapore;  the  agents  and  officers 
of  the  ' '  Koninklijke  Faketvaart-Maatschappij  "  and  "Sloom- 
vaart  Maatschappij  Nederland' ' ;  the  representatives  of  the  firm 
of  J.  Daendels  &  Co.,  in  Singapore,  Batavia,  and  Padang;  the 
officers  of  the  Hong  Kong  and  Shanghai  Bank,  in  San  Fran- 
cisco and  Batavia,  and  the  Java  Bank,  in  Padang. 

The  natives  were  much  aroused  at  the  advent  of  so  many 
astronomers*  and  the  preparations  for  an  event  in  which  they 
had  at  first  no  faith  whatever.  Some  of  the  keenest  of  their 
religious  leaders,  however,  saw  an  opportunity,  and  shortly  before 
the  eclipse  began  to  prophesy  and  to  take  much  credit  to  them- 
selves, The  advent  of  the  comet  a  fortnight  before  the  eclipse  and 
an  epidemic  about  the  same  time  in  the  native  Kampong,  from 
which  many  died,  excited  ihemoresuperstitious  ones,  and  a  rumor 
was  brought  to  me  that  our  camp  was  to  be  demolished. 
Whether  we  were  in  any  particular  danger  or  not  will  probably 
never  be  known,  but  there  was  anxiety  in  the  police  department 
until  all  was  over.  Our  stay  ended  without  an  interruption  and 
without  any  loss  or  damage  to  the  instruments. 

At  the  suggestion  of  Professor  Todd,  the  various  telegraph 
companies  offered  to  transmit  a  message  from  Mauritius  to  the 
observers  at  Padang,  giving  them  an  hour  or  more  in  advance, 
the  benefit  of  observations  at  the  former  point  A  letter  was  sent 
to  Padang,  addressed  to  eclipse  observers,  by  General  Manager 
Taylor  of  the  Eastern  Extension  Australasia  and  China  Tele- 
graph Company,  Limited,  at  Singapore,  notifying  them  of  the 
arrangements  made  by  the  different  lines  for  the  transmission  of 
this  message.  This  letter  was  delivered  by  the  postal  authorities 
to  me,  and  I  at  once  notified  all  observers  in  Sumatra,  within  my 
knowledge,  of  its  contents.  Arrangements  were  made  with  the 
telegraph  office  in  Padang  for  the  prompt  distribution  of  this 
message,  which,  however,  failed  to  arrive* 

After  the  eclipse  was  over,  and  the  instruments  all  packed  for 
shipment,  a  few  days  were  spent  in  the  interior  of  this  very  inter- 
esting but  little-known  island,  visiting  the  peculiar  native  markets, 
climbing  one  of  the  active  volcanoes,  and  seeing  the  Malays  at 
home* 
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The  lowlands. of  these  tropical  islands  are  hot,  humid,  and 
uncomfortable,  but  the  higher  lands  have  a  most  delightful  tem- 
perature. At  altitudes  of  3,000  to  4,000  feet  the  temperature 
was  that  of  a  perfect  early  summer  day  of  the  temperate  zones, 
.very  warm  at  midday,  if  clear,  but  pleasant  at  night, —  cool 
enough  for  a  light  bed-cover,  but  without  any  chilling  winds. 
The  humidity  at  all  altitudes  is  very  near  the  saturation  point, 
which,  together  with  the  warmth,  causes  a  most  luxuriant  vege- 
tation everywhere,  a  dense,  impenetrable  jungle  where  not  kept 
down  by  constant  work.  Even  the  volcanic  peaks  which  have 
been  in  eruption  within  a  generation  are  again  clothed  with 
dense  forests,  covering  all  the  scars.  The  rugged  mountains, 
the  towering  volcanoes,  some  of  them  still  active,  the  rice-pad- 
dies, the  picturesque  habitations  of  the  natives,  and  the  natives 
themselves,  offer  sights  and  adventures  of  surpassing  interest,  for 
this  is  indeed  a  world  contra  to  all  temperate  climes. 

Both  going  and  returning  we  passed  Krakatoa,  in  the  Straits 
of  Sunda,  and  it  was  not  without  a  thrill  that  I  looked  upon  that 
relic  of  a  convulsion  of  nature  which  has  perhaps  no  equal  in 
history.  Its  appearance  is  proof  enough  of  the  tales  of  that  out- 
burst in  1883,  when  a  superb  volcanic  cone  half  a  mile  in  height 
was  split  asunder  and  one  half  lost  in  the  sea;  when  all  the  con- 
tiguous islands  and  the  near-by  coasts  of  Java  and  Sumatra  were 
devastated,  their  inhabitants  and  wealth  utterly  destroyed,  and 
even  the  very  face  of  nature  changed;  when  ships  were  carried 
miles  inland  by  the  tidal  wave  over  hills  as  high  as  their  masts, — 
a  convulsion  which  was  thought  to  be  the  '  *  crack  of  doom  ' '  by 
millions,  and  which  was  in  reality  such  to  tens  of  thousands.  In 
April  this  giant  was  without  any  sign  of  life,  but  early  in  June 
smoke  in  considerable  volumes  could  be  seen  rising  from  the 
almost  perpendicular  north  face,  the  scar  of  the  outburst  of 
eighteen  years  ago. 

It  was  a  great  pleasure  to  renew  a  number  of  acquaintances  in 
Sumatra,  and  to  meet  for  the  first  time  many  prominent  astrono- 
mers from  all  parts  of  the  world. 

Mt.  Hamilton,  California,  1901,  November  n. 
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THE  U.  S.  NAVAL  OBSERVATORY  ECLIPSE  EXPEDI- 
TION TO  SUMATRA. 


By  Hbbbr  D.  Curtis. 


In  pursuance  of  the  liberal  and  progressive  policy  which  pro- 
vided for  the  observation  of  the  eclipse  of  May,  1900,  and  for 
numerous  extensive  expeditions  in  the  past,  the  Government  late 
in  1900  appropriated  the  sum  of  $10,000  for  an  expedition  to 
observe  the  total  eclipse  of  May  18,  1901,  in  Sumatra.  Owing 
to  the  exceedingly  limited  time,  some  of  the  special  apparatus 
was  necessarily  constructed  in  great  haste;  but  everything  was 
ready  by  February  7th,  a  date  which  would  give  none  too  much 
time  for  the  long  journey  and  the  equipment  of  the  camps. 

The  Naval  Observatory  party  proper  numbered  eleven  mem- 
bers, namely:  Professor  A.  N.  Skinner,  U.  S  N.,  Director;  Pro- 
fessor W.  S.  Eichelberger,  U.  S.  N.,  Assistant  Astronomer, 
F.  B.  Littell,  Mr.  George  Peters,  Mr.  L.  E.  Jewell,  and 
Mr.  W.  W.  Dinwiddie,  of  the  Naval  Observatory;  Professor 
E.  E.  Barnard,  of  Yerkes  Observatory;  Dr.  S.  A.  Mitchell, 
of  Columbia  University;  and  Dr.  W.  J.  Humphreys  and  the 
writer,  from  the  University  of  Virginia.  Associated  with  the 
N.wal  Observatory  on  the  trip  was  the  Smithsonian  party — Mr. 
C  G.  Abbott,  and  his  assistant,  Mr.  Paul  A.  Draper,  of 
Washington.  The  distance  to  be  traveled  was  nearly  14,000 
miles  by  the  route  selected,  the  cost  of  which  would  have  eaten 
very  heavily  into  the  available  appropriations  had  not  the  party, 
through  the  courtesy  of  the  Secretary  of  War  and  the  Secretary 
of  the  Navy,  been  carried  between  San  Francisco  and  Manila  on 
a  Government  transport,  and  from  Manila  to  Sumatra  on  the 
U.  S.  gunboat  "  General  Alava.M 

San  Francisco  was  left  on  February  16th,  on  the  U.  S.  A.  T. 
"  Sheridan."  The  month-long  sea-trip  to  Manila  was  pleas- 
antly broken  by  a  few  days  at  Honolulu.  Here  we  enjoyed  the 
generous  hospitality  of  the  Hawaiian  Philosophical  Association. 
Many  of  our  most  pleasant  memories  of  this  garden-spot  of  the 
Pacific  are  due  to  their  thoughtfulness  and  courtesy.  The  charms 
of  the  sail  southward  through  the  tropics  will  not  soon  be  for- 
gotten by  any  of  the  party.  Some  industrious  astronomers 
busied  themselves  with  computations.    Frequent  conferences  of  all 
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the  members  were  held  to  deliberate  on  the  methods  to  be  fol- 
lowed and  results  hoped  for  in  Sumatra.  Occasionally  the  land 
itself  came  up  for  discussion,  and  it  was  on  one  of  these  occasions 
that  the  reading  from  various  books  of  travel  of  highly  colored 
passages  with  regard  to  the  serpents  of  the  East  Indies  brought 
it  about  that  these  conferences  were  henceforth  known  to  the  laity 
as  meetings  of  the  "  Snake  Club."  Thanks  to  several  energetic 
young  officers,  other  diversions  were  not  wanting;  two  minstrel 
shows,  several  lectures  and  addresses,  a  dance,  a  tug-of-war  and 
two  spirited  boxing  tournaments  among  the  soldiers  varied  the 
monotony,  and  all  short-comings  were  condoned  in  the  Mid- 
Pacific.  Consul  Williams,  formerly  stationed  at  Manila,  but 
now  at  Singapore,  was  one  of  the  passengers  on  the  "  Sheridan," 
and  it  was  through  his  kindness  that  after  reaching  Manila  we 
were  taken  about  the  bay  in  a  Government  launch  over  the  track 
that  Dewey  followed,  while  the  Consul  himself,  who  was  on  the 
bridge  with  Dewey,  told  us  many  interesting  details  of  the  battle 
and  pointed  out  the  forlorn  wrecks  of  the  Spanish  war-vessels. 

The  distance  from  Manila  to  Padang,  Sumatra,  is  about  2,200 
miles,  and  this  portion  of  the  trip  occupied  us  ten  days,  which 
passed  quickly  enough  in  the  warm  and  many-hued  waters  of  the 
China  and  Java  seas,  past  interminable  island-continents  that  the 
geographies  of  our  younger  days  represented  as  apparently  of 
equal  area  to  the  Bahamas.  Both  going  and  returning  through 
the  Straits  of  Sunda,  we  passed  within  less  than  a  mile  of 
Krakatoa,  where  Verlaten  and  Lange  islands  still  show  the  for- 
mer extent  of  Krakatoa  before  its  tremendous  eruption. 

On  April  1st  we  enjoyed  the  astronomical  novelty  of  a  vertical 
Sun.  On  this  day,  at  apparent  noon,  the  Sun  was  only  four 
minutes  of  arc  from  our  zenith.  I  took  a  sextant  and,  bringing 
the  Sun  into  coincidence  with  the  horizon,  swept  the  entire  circle 
of  the  horizon  without  having  Sun  and  horizon  leave  the  field 
of  the  sextant.  On  the  "  Alava,"  also,  we  went  through  the 
time-honored  ceremony  of  "crossing  the  line/'  an  interesting 
and  laughable  rite  of  sailing-ship  days  now  not  frequently  seen. 
Father  and  Mother  Neptune  and  their  motley  crew  "came 
aboard' '  to  hold  their  royal  equatorial  court.  A  large  tank  of 
salt  water  was  improvised  from  a  canvas  sea-anchor.  All  tyros 
on  board  must  needs  be  presented,  and  several  astronomers  were 
among  them.  Neptune's  doctor  administered  a  soap  pill;  the 
ace  was  lathered  with  a  vile  mixture  of  red-lead  and  molasses; 
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then  followed  a  none  too  gentle  shave  with  a  two-foot  wooden 
razor  in  the  hands  of  Neptune's  barber,  a  sudden  twist  by  the 
stalwart  jackies,  and  the  victim  made  room  for  the  next  culprit 
by  a  beautiful  back  somersault  into  the  salt-water  tank. 

It  was  nearly  two  months  after  leaving  Washington  that  we 
finally  cast  anchor  in  the  beautiful  land-locked  harbor  of  Emma- 
haven.  The  meteorological  reports  of  the  Dutch  Government 
h  id  been  carefully  studied,  and  Solok  on  the  Padang  plateau  had 
already  been  selected  as  the  chief  station.  After  a  few  days 
spent  in  reconnoitering,  the  members  were  soon  at  the  respective 
stations.  Three  stations  were  selected,  well  separated  from  each 
other  and  from  the  camps  of  other  parties  —  Solok,  Sawah 
Loento,  and  Fort  de  Kock.  The  first  two  are  over  one  thou- 
sand and  the  last  named  nearly  three  thousand  feet  above  sea- 
level,  and  are  situated  from  fifty  to  eighty  miles  from  Padang. 

Solok  was  thirty-one  miles  from  the  central  liner  it  was 
impracticable  to  go  nearer  the  middle  of  the  eclipse  track,  except 
on  the  coast  ,  and  stations  were  already  chosen  there  by  other 
parties.  Alahan  Pandjang,  very  near  the  central  line>  had  been 
considered.  It  lies  some  thirty-five  miles  south  of  Solok,  and  is 
reached  by  an  excellent  road ;  but  as  our  heavy  equipment  would 
have  had  to  be  transported  there  on  the  backs  of  coolies,  it  was 
decided  that  the  increased  advantages  of  this  site  would  not 
warrant  the  time  and  the  expense  necessary  to  overcome  the 
difficulties  of  placing  a  camp  at  this  spoL 

Fort  de  Kock,  the  northern  station,  was  about  seven  miles 
south  of  the  northern  edge  of  the  shadow,  and  the  duration  of 
the  total  phase  at  this  point  2m  40",  Here  it  was  purposed  to 
devote  efforts  particularly  to  the  spectrum  of  the  flash  and  inner 
corona  and  photographs  of  the  inner  corona  with  special  refer- 
ence to  the  polar  streamers.  Professor  W.  S.  Etchelberger 
in  charge  of  this  camp.  Dr.  W.  J,  Humphrey's  here 
employed  the  2 1  %  -foot  concave  grating  belonging  to  the  Univer* 
sity  of  Virginia,  while  Mr,  Peters  had  charge  of  the  forty-foot 
camera, —  the  lens,  the  property  of  the  Naval  Observatory,  being 
the  one  used  by  Professor  Stone  rn  May,  igoo,  at  Winsboro, 
N.  C.  In  this  instrument  no  plate- holders  were  used,  but  the 
plates  placed  and  held  against  an  adjustable  frame  placed  at  the 
focus. 

Sawah  Loento  is  a  little  town  surrounded  by  mountains  on  all 
sides  and  is  near  the  great  government  coalmines.     It   is  the 
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southern  terminus  of  the  Sumatra  Government  Railroad,  which 
was  built  primarily  to  bring  the  coal  from  these  mines  to  the  sea- 
coast.  The  coal  is  of  very  fair  quality,  and  the  mines  are 
remarkable  chiefly  for  the  thickness  of  the  deposits,  one  seam,  I 
believe,  having  the  unparalleled  thickness  of  forty-two  feet.  The 
labor  is  entirely  convict.  The  Dutch  Government,  with  char- 
acteristic thrift,  transports  its  Sumatra  offenders  to  Java  and  the 
Javanese  to  Sumatra,  These  races  hate  one  another  so  cordially 
that  an  escape  of  a  convict  is  out  oi  the  question,  and  very  little 
guarding  is  necessary.  The  curious  little  railroad  was  made  to 
fit  the  country,  not  the  country  leveled  and  cut  to  make  an  easy 
road,  and  through  the  mountains  engines  of  a  composite  type  are 
used,  on  which  supplementary  gearing  can  be  thrown  in  to  action 
on  a  heavy  rack  laid  between  the  rails;  the  grades  thus  overcome 
are  in  several  spots  nearly  600  feet  to  the  mile.  It  is  an  exceed- 
ingly picturesque  road  through  the  tropical  growth  of  the  moun- 
tains and  the  terraced  ricefields  of  the  foot-hills;  especially 
noteworthy  is  the  beautiful  Aneikloof  gorge  a  few  miles  below  the 
town  of  Padang  Pandjang.  The  Naval  Observatory  station  at 
Sawah  Loento  was  located  on  the  hillside  about  a  mile  from  town 
and  a  few  hundred  feet  above  it,  quite  near  the  camp  of  the 
Massachusetts  Institute  of  Technology.  Dr.  Mitchell  here  had 
a  large-grating  spectroscope  and  a  six-inch  lens  of  104  inches  focal 
length.  He  was  assisted  by  Mr.  Ren£  Granger,  of  Cartersville, 
Ga. ,  who  came  independently  via  London  to  give  his  services  to 
the  party. 

The  main  station  was  located  at  the  village  of  Solok  (Long.,  6* 
42m36,  E. ;  Lat.,  o°  47'  17"  S.).  Here  Professor  Skinner  was 
particularly  fortunate  in  securing  for  the  eclipse  camp  a  small  fort 
which  had  been  abandoned  for  about  two  years.  It  was  about 
two  hundred  feet  square  and  was  surrounded  by  a  wall,  moat, 
and  a  cheveau-de-frUe  of  wire  tangle  which  effectually  isolated  the 
camp  from  the  over-curious  native.  Along  one  side  ran  the  large 
cement-floored  barracks,  which  formed  an  excellent  storehouse, 
and  served  also  as  sleeping  quarters  for  four  of  the  party,  Hotel 
Talang,  with  a  maximum  capacity  of  six  guests,  being  swamped 
by  the  influx  of  visitors.  In  one  end  of  these  barracks  were 
located  Mr.  Abbott's  constant  temperature  room  for  the  bolo- 
metric  work.  The  fort  was  well  drained,  and  the  former  powder 
magazine  made  an  excellent  dark-room. 

At  this   station  were  located  Professor   Barnard,  with  the 
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61  Yi,  -foot  camera;  Mr.  Littell,  with  a  flat-grating  spectrograph, 
and  Mr.  L.  E.  Jewell,  with  a  concave  grating;  Mr.  Dinwiddie, 
with  a  prismatic  camera  fitted  with  a  large  prism,  loaned  by  the 
Smithsonian  Institution;  Dr.  Gilbert,  with  a  spectropolarigraph, 
loaned  by  Professor  Woods,  of  the  University  of  Wisconsin ;  and 
the  writer,  in  charge  of  a  7^ -inch  lens  of  114  inches  focal  length 
and  a  pair  of  large  cameras  mounted  on  a  six  inch  equatorial. 

Professor  Barnard's  instrument  received  its  light  from  a  large 
coelostat  provided  with  electrical  control.  The  details  of  the  tube 
and  house  are  seen  in  the  photographs.  The  electrical  control 
worked  perfectly.  His  method  of  exposing  the  plates  may  be 
seen  in  the  cut  of  the  interior  of  the  photographic  house.  Two 
pillars  of  8X8  timber  were  set  firmly  five  feet  in  the  ground; 
between  these  ran  smoothly  a  counterpoised  framework  with  suit- 
able guides  and  stops.  The  upper  compartment  of  the  framework 
held  a  40X40  plate-holder;  the  lower  held  30X30.  The  larger 
holder  remained  in  the  sliding  frame  during  the  eclipse.  The 
various  30X30  holders  could  be  very  quickly  sjipped  in  and 
removed  after  exposure.  At  the  proper  time  the  frame  was 
pulled  down  so  as  to  bring  the  image  of  the  Sun  in  the  center  of 
the  40X40  plate,  and  after  the  exposure  the  frame  was  pushed 
up  for  the  remaining  exposures  on  the  30X30  plates.  The 
40  X  40  plate,  the  largest  ever  exposed  for  astronomical  purposes, 
received  an  exposure  of  two  minutes  and  a  half.  To  prevent 
excessive  over-exposure  of  the  inner  coronal  regions,  a  screen  of 
about  the  size  of  the  Moon's  image  (nearly  eight  inches)  was 
fastened  to  a  long  wire  handle.  The  edges  of  this  screen  were 
covered  with  absorbent-cotton  so  as  to  be  fluffy  and  ill-defined, 
and  in  use  it  was  kept  constantly  in  motion  over  the  image  of  the 
Sun  on  the  plate.  All  plates  were  backed,  and  those  for  the 
longer  exposure  on  the  smaller  cameras  and  all  those  on  the  104- 
inch  and  114-inch  telescopes,  which  were  provided  with  visual 
lenses,  were  slow  orthochromatic. 

Mr.  Abbott's  intramercurial  camera  had  numerous  points  of 
interest.  A  strong  equatorial  mounting  carried  four  large  cone- 
shaped  tubes  built  up  of  small  wooden  rods  so  as  to  combine  great 
rigidity  with  lightness.  These  were  covered  with  light-proof 
rubber  cloth.  The  four  lenses  were  compound,  of  four  inches 
aperture  and  eleven  feet  focal  length.  The  same  clock  ran  a 
large  mirror  on  the  telescope  pier  which  threw  the  beam  of  light 
into  the  bolometric  room,  some  ten  feet  distant.     Each  tube  car- 
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ried  two  24X30  plates  so  arranged  on  hinged  frames  that  one 
plate  lay  flat  against  the  side  of  the  tube  while  the  other  was  in 
position.  At  the  slipping  of  a  catch  the  exposed  plate  was  drawn 
up  against  the  side  of  the  tube  by  springs,  and  the  second  as 
quickly  rotated  into  position,  the  entire  operation  occupying  only 
a  few  seconds.  The  large  shelter,  covered  within  with  black 
cloth,  was  a  dark-room  and  camera  combined,  the  exposures 
being  made  by  a  sliding  curtain  at  the  top. 

Cut  films  were  used  on  the  various  spectrograph^  plate- 
holders,  bent  to  the  proper  radius  against  curved  guides.  The 
sliding  plate- holders  were  equipped  with  suitable  stops,  so  that 
successive  films  could  be  exposed  with  very  little  time  lost  in 
shifting. 

Efficient  assistance  on  the  day  of  the  eclipse  was  given  by  Mr. 
Irving,  a  colporteur  of  the  English  Bible  Society,  who  acted  as 
our  interpreter,  and  by  Surgeon  Odell,  Lieutenant  Chase,  and 
nine  sailors  from  the  "General  Alava."  Accustomed  to  the 
discipline  of  a  man-of-war,  these  intelligent  and  capable  sailors 
took  naturally  to  the  drills  preparatory  to  the  eclipse  and  went 
through  their  programmes  without  a  hitch.  A  break-circuit 
chronometer  sent  signals  to  a  telegraphic  sounder  at  each  instru- 
ment; the  minutes  were  struck  on  a  locomotive-bell. 

Only  those  who  have  been  through  similar  experiences  can 
realize  the  labor  involved  in  setting  up  and  adjusting  the  instru- 
ments of  a  large  eclipse  camp.  Though  we  were  agreeably  dis- 
appointed to  find  in  this  portion  of  Sumatra  a  well-ordered 
colony,  and  not  a  tropical  wild,  there  were  many  needs  and 
emergencies  in  which  we  felt  the  limitations  of  the  island  very 
keenly.  We  found  Dutch  of  comparatively  little  value,  and 
learned  Malay  perforce,  for  the  Dutch  Government  forbids  the 
use  of  Dutch  by  the  natives.  Labor  was  cheap,  —  twenty  to  forty 
cents  gold  a  day,  —  but  of  poor  quality;  for  all  work  requiring 
more  skill  Chinese  are  employed.  Watchmen  were  furnished  us 
free  by  the  Government, — two  wizened  hill-natives,  who  regu- 
larly slept  through  the  night  on  our  barrack  porch.  In  this  and 
other  ways  we  came  in  contact  with  the  "  Heerendienst,"  or 
forced-labor  system,  of  the  Dutch  Government,  a  much-criticised 
policy,  but  one  which  has  certainly  produced  wonderful  results  in 
Java.  Our  greatest  difficulty  lay  in  the  climate  itself;  for  it  was 
soon  evident  that  our  chances  of  a  fair  day  were  very  poor.  In 
such  a  land  as  Sumatra,  where  there  are  only  two  seasons,  —  a 
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wet,  and  a  wetter, —  the  difficulty  lay  in  finding  even  gaps  in  the 
clouds  for  the  necessary  astronomical  adjustments. 

In  all  our  difficulties,  however,  we  found  the  Dutch  officials 
ever  helpful,  kind,  and  obliging.  It  would  be  impossible  to  say 
too  much  of  the  kindness  of  the  Colonial  Government  in  this 
particular,  its  foresight  in  preparing  for  us  in  every  way.  Free 
transportation  for  all  freight  and  baggage  and  an  unlimited  pass 
for  all  visiting  astronomers  were  not  the  least  of  its  favors.  With 
every  official,  from  Governor  Yoekes  to  the  humblest  railroad 
employee,  * c  Zoneklips ' '  was  an  '  *  open  sesame. ' ' 

Though  it  was  foreseen  that  the  chances  were  very  poor,  a 
few  very  good  days  in  May  had  raised  the  hopes  of  all,  and  it 
would  be  useless  to  try  to  describe  the  feelings  of  the  party  at 
Solok  as  the  iSth  of  May  dawned  with  the  sky  covered  with 
clouds.  To  the  north  a  beautifully  clear  patch  could  be  seen 
over  Lake  Sinkarak,  too  slowly  approaching,  for  it  reached  us 
three  hours  after  the  eclipse.  From  computations  made  by  Mr. 
Littell  and  the  writer,  the  more  important  data  for  the  eclipse 
at  Solok  were  — 


Contacts. 

Solok  Mean  Time. 

I. 

May   17, 

22h  47m  31'.8 

II. 

May  18, 

Oh    2Im    20'8 

III. 

May   18, 

Oh    27m    1 2s.  7 

IV. 

May  18, 

ib  59m  36s.  2 

Duration  of  total  phase  5*  51s.  9. 

Observations  by  Professor  Skinner  with  a  three- inch  tele- 
scope and  of  the  first  and  fourth  contacts  with  the  six-inch  by 
the  writer  agree  in  placing  the  observed  eclipse  about  12s  ahead 
of  the  computed  time. 

At  the  time  of  second  contact  the  sky  was  covered  with  a 
layer  of  clouds  not  quite  thick  enough  to  conceal  Mercury  or 
Venus  but  sufficient  to  cut  off  all  sight  of  the  corona  except  a 
very  narrow  rim  around  the  edge  of  the  Moon,  and  it  was  with 
a  feeling  of  the  futility  of  further  efforts  that  we  went  through 
our  respective  programmes.  From  about  the  third  minute  of 
totality,  even  the  narrow  rim  of  light  disappeared;  it  was  impos- 
sible to  locate  the  eclipsed  Sun  visually,  and  plates  taken  at  this 
time  show  nothing  but  fog.  An  interesting  feature  noticed  by 
other  observers  under  similar  conditions  was  the  quantity  of  light 
still  present,  reflected  by  the  clouds  from  the  illuminated  land 
beyond  the  eclipse  track.     The  lanterns  which  had  been  pro- 
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vided  for  a  "  dark ' '  eclipse  were  entirely  superfluous.  It  seemed 
to  me  personally  to  be  lighter  at  Solok  in  mid-totality  that  at 
Thomaston  in  1900  ten  or  twenty  seconds  before  second  contact, — 
this  though  the  eclipse  path  was  nearly  one  hundred  and  fifty 
miles  wide  and  we  were  thirty-one  miles  from  the  central  line. 
At  Fort  de  Kock,  on  the  other  hand,  where  the  sky  was  perfectly 
clear,  lanterns  were  needed,  although  they  were  only  seven  miles 
from  the  edge  of  the  shadow. 

Thus  even  the  hope  of  a  veteran  astronomer  that  we  should 
be  favored  either  with  a  clear  sky  or  a  pouring  rain  was  not 
realized,  for  surely  the  most  mournful  part  of  an  unsuccessful 
eclipse  is  the  hopeless  development  of  the  great  plates  from 
which  so  much  had  been  expected.  Practically  nothing  of  value 
was  secured  at  Solok,  equipped  with  what  was  perhaps  the  most 
powerful  and  representative  array  of  instruments  ever  set  up  in  a 
single  camp.  The  prismatic  camera  secured  a  good  film  of  the 
first  flash,  and  some  of  the  faster  plates  secured  the  rim  of  the 
inner  corona,  but  hazy  from  drifting  clouds.  Mr.  Abbott 
attempted  no  bolometric  work;  while  quite  a  number  of  stars 
were  made  out  on  his  plates  taken  in  the  first  half  of  the  eclipse 
with  the  intramercurial  camera,  it  seems  that  the  conditions 
prevailing  at  every  camp  where  instruments  of  this  sort  were 
in  operation  leaves  this  problem  still  open,  a  question  which  it 
was  hoped  might  be  definitely  settled  at  this  unusually  long 
eclipse. 

Better  results  were  secured  at  Sawah  Loento  by  Dr.  Mitchell 
and  Mr.  Granger.  The  clouds  here  were  much  lighter,  and  the 
spectroscopic  results  in  particular  promise  well. 

Fort  de  Kock  was  the  only  camp  on  the  island  blessed  with 
absolutely  clear  weather,  and  several  excellent  photographs  were 
secured  by  Mr.  Peters  and  Dr.  Humphreys.  All  other  camps 
had  light  clouds,  though  in  many  cases  insufficient  to  ruin  the 
spectroscopic  and  polariscopic  results. 

It  took  far  less  time  to  pull  down  than  to  fit  up  the  camp,  and 
several  days  were  then  very  pleasantly  spent  in  seeing  the  sights 
of  this  exceedingly  interesting  but  little-visited  corner  of  the 
globe.  Several  of  the  party  ascended  the  active  volcano  Merapi, 
nine  thousand  feet  high  and  only  a  few  miles  from  Fort  de  Kock; 
the  jungle  climb  to  Pajo,  near  Solok,  affords  what  is  said  to  be 
one  of  the  most  beautiful  views  in  the  East  Indies,  and  to  all  of 
us,  the  native,  his  customs  and  peculiarities,  his  picturesque,  beau- 
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tifully  carved  and  decorated  houses,  formed  a  fascinating  subject 
for  observation  and  photography.  This  central  portion  of  Suma- 
tra is  thought  to  have  been  the  original  home  of  the  Malay  race. 
It  is  now  well  under  Dutch  control,  and  is  covered  with  almost 
perfect  roads,  many  of  them  dating  from  the  English  occupation 
of  the  island,  roads  which  can  not  be  paralleled  in  any  State  in 
the  Union.  At  the  north  of  the  island,  at  Atjeh,  the  brave  and 
capable  Malays  have  been  at  continuous  warfare  with  either  the 
English  or  the  Dutch  for  nearly  one  hundred  years,  and  only 
thirty  miles  inland  from  Solok  one  finds  the  boundaries  of  the 
independent  native  states,  to  many  of  which  no  white  man  is 
admitted. 

Aside  from  two  weeks  spent  at  Manila,  our  long  trip  home 
was  without  special  interest,  and  we  were  very  glad  to  disem- 
bark from  the  U.  S.  A.  T.  "  Indiana' '  after  nearly  six  months 
absence. 

The  camps  of  the  various  expeditions  were  quite  well  separa- 
ted, from  the  Dutch  and  English  on  the  coast  near  Painan  to  our 
own  camp  at  Sawah  Loento,  while  on  the  eastern  coast  of  Suma- 
tra Professor  Todd  occupied  the  island  of  Singkep.  Over  all 
this  portion  of  the  path  the  rule  was  cloudy  weather,  and  it  is  to 
be  regretted  that  in  such  an  important  eclipse  as  this  one,  especially 
in  view  of  the  tropical  and  exceedingly  uncertain  weather,  the 
stations  were  not  scattered  even  more  widely.  The  Dutch  were 
quite  anxious  that  some  nation  should  send  its  expedition  to 
Borneo  or  Celebes.  The  conditions  here  would  have  been  some- 
what more  difficult,  but  in  no  sense  dangerous,  and  a  station  or 
two  somewhere  in  this  neglected  portion  of  the  shadow-path 
might  have  saved  the  day. 

Leandbr  McCormick  Observatory,  Charlottesville,  Va. 


THE  LEONIDS—  GRAND  DISPLAY  OF  METEORS  AT 
LOWE  OBSERVATORY. 


By  Edgar  L.  Larkin. 


The  usual  stream  of  Leonids  was  observed  here  from  midnight 
until  dawn  November  15,  1901.  The  first  meteor  was  seen  at 
nh  53"  p.m.  on  the  14th,  before  the  radiant  rose  above  the  peaks 
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standing  sentinel  1,800  feet  east  of  the  observatory.  The 
altitude  of  the  observatory  is  3,420  feet,  and  the  line  of  peaks 
from  north  to  south  varies  in  height  above  the  building  from  80 
feet  in  the  southeast  to  1,340  feet  in  the  northeast;  so  Regulus  did 
did  not  rise  until  oh  49m  November  15th.  When  the  radiant  came 
up  alongside  of  a  cliff  the  rate  of  meteors  was  one  per  minute. 

Table  of  Times  and  Meteors,  November  15,  1901. 

Times  (P.  S.  T.)  Number  of  Meteors. 

From  oh  ooB  to  ih  00*  32 


I   00 

1    54  1  Cloud  before  Leo 

IS 

1    54 

2   53  i 

(27 

2  43 

3 

19 

3   01 

4 

173 

4 

5 

297 

5 

5   40 

109 

Total,  657 

Half,  or  probably  slightly  less,  had  trails  of  all  degrees  of  bril- 
liancy, and  in  length  from  20  to  150.  Four  fifths,  by  estimate, 
were  white,  a  small  number  greenish -blue,  a  few  tinged  with  red, 
while  two  were  full  red.  Those  leaving  streamers  were  at  high 
speed  and  seemingly  at  great  altitude;  others  seemed  near  the 
Earth,  the  small  ones  not  being  visible  more  than  half  a  second. 

Table  of  Directions. 


From  c  Hydra: 

toward 

a  Columba. 

Prasepe 

c  Hydra. 

c  Hydra: 

jo  Monocerotis. 

Prasepe 

y  Leonis. 

Prasepe 

Procyon. 

Regulus 

Ursa  Majoris. 

c  Hydra 

Reg  ulus. 

Procyon 

Sirius. 

Castor 

Betelguese. 

Sirius 

Ocean. 

Regulus 

Naos. 

Procyon 

Sirius. 

jo  Monocerotis 

Canopus. 

jo  Monocerotis 

Naos. 

Denebola 

Ursa  Majoris. 

Prasepe 

Procvon. 

Rigel 

West. 

Denebola 

Canopus. 

Rigel 

Ocean. 

Naos 

Canopus. 

(Too  numerous  to  record). 
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Later — 4  a.m.: — 

From  Leo 

toward  Arcturus. 

Zenith 

Arcturus. 

Spica 

Leo 

Denebola 

Mercury. 
Mercury. 
Spica. 

These  are  a  selection  of  the  most  prominent,  all  in  this  table 
having  brilliant  trails.  The  meteor  appearing  at  3h  48m  near  Leo 
shot  to  a  point  midway  between  Orion* s  head  and  the  Hyades 
with  terrific  velocity  and  dissipated  into  cosmic  debris  with 
exceedingly  brilliant  greenish-blue  light,  estimated  at  twenty 
times  the  brightness  of  Venus  at  its  maximum.  The  trail  was 
probably  35'  in  width  and  150  in  length.  The  nucleus  dis- 
integrated at  ir  Orionis.  The  trail  extended  beyond  Betelguese. 
It  remained  in  the  same  place  for  ten  minutes,  expanding  in 
width  to  20.  It  then  bent  at  right  angles,  assumed  the  shape  of 
the  letter  F,  and  slowly  widened  to  a  thick  p.  The  top  bar 
became  detached  and  floated  to  Aldebarany  where  its  pearly  light 
went  out.  The  upright  widened  and  lingered  14™,  when  it  waned 
and  expired.  A  large  meteor,  or  fire-ball,  with  splendid  streamer 
emerged  from  the  high  east  at  4h  4m  and  moved  to  the  shoulder  of 
Ursa  Majoris  with  great  speed.  The  nucleus  dissolved  into  in- 
tensely brilliant  matter  and  vanished,  but  the  glowing  band 
widened  to  i°,  bent  into  the  form  of  the  Greek  letter  O  and 
remained  in  view  6m.  These  two  were  all  that  had  persistent 
light,  none  of  the  others  remaining  visible  more  than  from  half 
a  minute  down  to  the  fraction  of  a  second.  On  November  13,  1833, 
the  Leonids  put  on  display  at  Niagara  Falls,  and  from  the 
accounts  written  the  vision  must  have  been  superb.  But  how  is  it 
possible  to  surpass  the  unearthly  splendor  here  amid  the  moun- 
tains ?  The  solitude  at  the  midnight  hour  is  supreme,  and  the 
silence  awful  in  its  intensity.  Then  fill  the  expanse  of  the  sidereal 
vault  with  shot  and  shell  hurrying  in  all  directions,  bursting  into 
brilliant  streams  here  and  there,  emerging  like  the  swords  of 
marshaled  hosts  from  darkening  space, —  war  without  a  trace  of 
sound;  and  the  effect  is  overpowering  to  brain,  sensation,  and 
imagination.  Here  where  the  silence  at  the  third  hour  is  so 
profound  that  an  alert  imagery  of  mind  calls  up  sounds  from  the 
canon's  depths  and  from  opposite  granite  walls, — voices  from 
the  unknown  in  the  night, —  and  where  the  stillness  is  so  deep 
that  if  the  axis  of  the  Earth  in  its  turning  made  sound  it  would 
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be  heard  in  this  place,  unique  on  earth,  a  bombardment  of  Leonid 
meteors  is  impressive  beyond  the  power  of  language  to  portray. 
At  ih  54"  a  cloud  suddenly  condensed  round  about  a  summit  and 
obscured  Leo  until  2h  53*.  A  few  straggling  meteors  were  seen 
emerging  from  the  edges,  but  they  were  not  counted.  Omitting 
these  59"  the  rate  of  fall  was  657  meteors  in  281  minutes  or  2.34 
per  minute.  The  fall  from  4h  to  4h  20"  was  five  per  minute,  and 
the  highest  number  seen  at  once  was  five.  The  trend  of  nearly 
all  was  from  Leo  to  west  and  southwest,  a  limited  number  going 
to  the  north.  When  Leo  was  well  up  some  appeared  to  drop 
into  Los  Angeles'  distant  electric  sea  of  lights,  others  into  the 
ocean,  and  still  others  into  the  gaping  mouths  of  the  cartons. 
All  this  was  due  to  perspective;  none  reached  the  Earth.  The 
mirror  of  the  heliostat  was  set  on  the  rising  point  of  the  radiant 
and  spectroscope  adjusted  in  the  hope  of  securing  spectra.  None 
was  obtained.  No  meteor  came  from  the  exact  radiant.  After 
the  cloud  dissolved,  at  2h  53",  all  was  clear  until  dawn.  And 
thus  passed  the  memorable  shower  of  Leonids  of  190 1. 
Lowe  Observatory,  Echo  Mountain  P.  O.,  Cal.,  Nov.  18,  1901. 


PLANETARY      PHENOMENA     FOR    JANUARY     AND 
FEBRUARY,     1902. 

By  Malcolm  McNeill. 


January. 

January,  1902,  is  not  a  favorable  month  for  observation  of 
the  planets,  with  the  exception  of  Mercury  and  Venus.  Several 
of  the  others  are  in  the  western  sky  for  a  short  time  after  sunset, 
but  they  are  too  low  down  to  be  easily  seen. 

Mercury  passes  superior  conjunction  with  the  Sun  on  January 
1st  and  becomes  an  evening  star,  but  does  not  get  far  enough 
away  to  be  conspicuous  until  after  the  middle  of  the  month.  At 
the  end  of  the  month  it  remains  above  the  horizon  about  an  hour 
and  a  half  after  sunset.  It  passes  Saturn  on  January  6th,  Jupiter 
on  January  9th,  and  Mars  on  January  23d.  The  last  named 
conjunction  is  rather  close,  Mercury  being  less  than  the  Moon's 
diameter  south  of  Mars. 

Venus  is  pre-eminently   the  evening  star,   remaining  above 


Astronomical  Society  of  the  Pacific.  217 

the  horizon  several  hours  after  sunset,  and  being  also  at  its 
greatest  brightness  early  in  the  month.  It  can  be  seen  in  full 
daylight  at  any  time  during  the  month  when  it  is  above  the 
horizon.  It  gradually  draws  nearer  the  Sun,  although  its  east- 
ward motion  among  the  stars  continues  until  January  22d. 

Mars  is  still  in  the  southwestern  sky  just  after  sunset,  but  has 
for  some  time  ceased  to  be  conspicuous.  It  remains  above  the 
horizon  about  an  hour  and  a  half  after  sunset  on  January  1st,  but 
can  not  easily  be  seen  on  account  of  its  low  altitude  and  faintness. 

Jupiter  and  Saturn  are  still  not  far  apart,  but  the  eastward 
motion  of  the  Sun  among  the  stars  is  so  much  greater  than  that 
of  the  planets  that  it  overtakes  and  passes  them, —  Saturn  on 
January  9th,  and  Jupiter  on  January  15th.  The  planets  then 
become  morning  stars,  but  do  not  attain  a  sufficient  distance 
from  the  Sun  to  make  themselves  visible  as  morning  objects 
until  after  the  close  of  the  month. 

Uranus  passed  conjunction  with  the  Sun  early  in  December, 
and  is  now  to  be  found  in  the  east  just  before  sunrise,  but  too 
low  and  faint  to  be  easily  seen. 

Neptune  is  above  the  horizon  most  of  the  night  in  the  region 
between  Taurus  and  Gemini,  but  can  not  be  seen  without  a 
telescope. 

February. 

The  conditions  for  observation  of  the  planets  are  even  worse 
in  February  than  they  were  in  January,  except  perhaps  in  the 
case  of  Mercury.  That  planet  conies  to  greatest  east  elongation 
on  the  morning  of  February  3d,  and  up  to  the  middle  of  the 
month  does  not  set  for  more  than  an  hour  after  the  Sun.  The 
present  greatest  elongation  is  only  180;  but  the  planet  is  a  con- 
siderable distance  north  of  the  Sun,  and  this  in  a  measure 
compensates  for  the  smallness  of  the  distance.  At  the  following 
greatest  east  elongation  toward  the  end  of  May  the  distance  will 
be  230. 

Venus  is  still  very  conspicuous  as  an  evening  star,  at  the 
beginning  of  the  monfrh  setting  about  two  hours  after  sunset  on 
February  1st;  but  it  has  begun  its  retrograde  motion  among  the 
stars,  and  this  in  combination  with  the  eastward  motion  of  the 
Sun  brings  the  planet  into  inferior  conjunction  with  the  Sun  on 
February  14th.  It  then  becomes  a  morning  star  and  will  remain 
so  until  November  28th. 

Mars  is  still  east  of  the  Sun,  and  is  near  the  southwest  horizon 
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just  after  sunset;  but  the  Sun  is  rapidly  drawing  nearer  to  it  in 
their  common  eastward  motion,  so  that  at  the  end  of  the  month 
their  distance  apart  is  only  6°.  Throughout  the  month  the 
planet  is  too  near  the  Sun  and  too  faint  to  be  seen  without  a 
telescope. 

Jupiter  and  Saturn  become  morning  stars  in  January,  and  by 
the  close  of  the  month  will  rise  an  hour  and  a  half  to  two  hours 
before  sunrise.  Saturn  precedes  Jupiter  more  than  half  an  hour, 
but  the  greater  brightness  of  Jupiter  will  make  him  more  easily 
visible. 

Uranus  rises  two  hours  or  more  earlier  than  the  last  two 
planets,  and  may  be  found  in  the  region  between  Scorpio  and 
Sagittarius. 

Neptune  is  in  about  the  same  place  as  the  one  it  held  in  January, 
between  Taurus  and  Gemini. 

Explanation  op  the  Tables.— The  phases  of  the  Moon  are  given 
in  Pacific  Standard  time.  In  the  tables  for  Sun  and  planets,  the 
second  and  third  columns  give  the  Right  Ascension  and  Declination 
for  Greenwich  noon.  The  fifth  column  gives  the  local  mean  time 
for  transit  over  the  Greenwich  meridian.  To  find  the  local  mean 
time  of  transit  for  any  other  meridian,  the  time  given  in  the  table 
must  be  corrected  by  adding  or  subtracting  the  change  per  day,  multi- 
plied by  the  fraction  whose  numerator  is  the  longitude  from  Greenwich 
in  hours,  and  whose  denominator  is  24.  This  correction  is  seldom 
much  more  than  im.  To  find  the  standard  time  for  the  phenom- 
enon, correct  the  local  mean  time  by  adding  the  difference  between 
standard  and  local  time,  if  the  place  is  west  of  the  standard  meridian, 
and  subtracting,  if  east.  The  same  rules  apply  to  the  fourth  and  sixth 
columns,  which  give  the  local  mean  times  of  rising  and  setting  for  the 
meridian  of  Greenwich.  They  are  roughly  computed  for  lat.  400,  with 
the  noon  Declination  and  time  of  meridian  transit,  and  are  intended  as 
only  a  rough  guide.  They  may  be  in  error  by  a  minute  or  two  for  the 
given  latitude,  and  for  latitudes  differing  much  from  400  they  may  be 
several  minutes  out. 

January-February,   1902. 

Phases  of  the  Moon,  P.  S.  T. 


Last  Quarter 

.    .   Jan. 

1, 

8h 

8m 

a.  m. 

New  Moon 

.    .    .   Jan. 

9. 

1 

15 

P.  M. 

First  Quarter 

.    .   Jan. 

16, 

10 

38 

Full  Moon 

.    .   Jan. 

23. 

4 

6 

Last  Quarter 

.    .   Jan. 

3i, 

5 

9 

A.M. 

New  Moon 

.    .    Feb. 

8, 

5 

2( 

First  Quarter 

.    .    Feb. 

15. 

6 

57 

Full  Moon 

.    .    Feb. 

22, 

5 

3 
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The  Sun. 

1902. 

R.  A. 

Declination.       Rises. 

Transits. 

Sets 

Jan. 

1, 

i8b44B 

-23c 

>   4'   7h26mA.M. 

I2b  3mP.M. 

4h 

4O" 

P.M, 

11, 

19  28 

—  21 

54   7  27 

12   8 

4  49 

21, 

20  11 

—  20 

3   7  22 

12  II 

5 

O 

3i, 

20  53 

—  17 

33   7  15 

12  14 

5 

13 

Feb. 

10, 

21  33 

—  14 

33   7  4 

12  14 

5 

24 

20, 

22  12 

—  II 

09   6  52 

12  14 

5 

36 

Mar. 

2, 

22  50 

—  7 

26   6  37 

12  12 

5  47 

Mercury. 

Jan. 

1, 

18  43 

—  24 

50   7  34  A.M. 

12   2  P.M. 

4 

30 

P.M, 

11, 

19  54 

—  23 

0   7  57 

12  34 

5 

II 

21, 

21  4 

—  18 

36   8  9 

I   4 

5 

59 

3i. 

22  3 

—  12 

14   8  6 

I  24 

6 

42 

Feb. 

10, 

22  26 

—  7 

20   7  32 

1   7 

6 

42 

20, 

21  54 

—  8 

51   6  26 

11  55  A.M. 

5 

24 

Mar. 

2, 

21  29 

—  12 

40   5  36 
Venus, 

IO  52 

4 

8 

Jan. 

1, 

21  45 

—  13 

47   9  51  A.M. 

3  4  p.m. 

8 

17 

P.M. 

11, 

22  6 

—  10 

11   9  20 

2  45 

8 

10 

21, 

22  15 

-  7 

5   8  39 

2  15 

7 

5i 

3i. 

22  9 

—  5 

5   7  47 

I  30 

7 

13 

Feb. 

10, 

21  50 

—  4 

45   6  47 

12  31 

6 

15 

20, 

21  26 

—  6 

2   5  49 

II  29  A.  M. 

5 

9 

Mar. 

2, 

21  12 

—  7 

56   5  2 
Mars. 

10  35 

4 

8 

Jan. 

1, 

20  8 

—  21 

20   8  43  A.M. 

I  27  P.M. 

6 

11 

P.M. 

11, 

20  41 

—  19 

29   8  29 

I  20 

6 

11 

21, 

21  13 

—  17 

17   8  13 

I  13 

6 

13 

3i, 

21  44 

—  14 

46   7  "56 

1  5 

6 

15 

Feb. 

10. 

22  14 

—  12 

1   7  37 

12  56 

6 

'5 

20, 

22  44 

—  9 

4   7  17 

12  46 

6 

15 

Mar. 

2, 

23  13 

—  6 

0   6  56 
Jupiter. 

12  36 

6 

16 

Jan. 

1, 

19  33 

—  22 

0   8   9  A.M. 

12  52  P.M. 

5 

33 

P.M. 

Feb. 

1, 

20  4 

—  20 

44   6  35 

II  21  A.M. 

4 

7 

Mar. 

1, 

20  30 

—  19 

22   5  6 

9  57 

2 

48 
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Sa  turn. 


Jan. 

i,  19  17 

—  22  6 

7  55  A.M.  12  36  P.M. 

5  17  PM 

Feb. 

1,  19  32 

—  21  37 

6  6     10  49  A.M. 

3  32 

Mar. 

1,  19  45 

—  21  9 

4  27     9  12 

1  57 

Uranus. 

Jan.       1,  17  10    — 23    o     5  52A.M.  10  29  A.M.    3  6  p.m. 

Feb.     \,  17  17    —23     8      3  58            8  34             1  10 

Mar.      1,  17  21     — 23  12      2  12            6  48           11  24  a.m. 


Neptune. 

Jan. 

1, 

5  59 

+  22  15   3  56  P.M. 

11  16  P.M. 

6  36  A.M. 

Feb. 

1, 

5  56 

+  22  16   1  51 

9  « 

4  3i 

Mar. 

1, 

5  54 

-f-  22  17   noon 

7  20 

2  40 

Eclipses  of  Jupiter's  Satellites. 

Jupiter  is  too  near  the  Sun  for  observations  of  eclipse  of 
satellites. 


OBSERVATIONS    OF    THE    VARIABLE    STARS 
W  LYRsE   AND    [A    CYGNI. 

By  Rose  O'Halloran. 


According  to  the  Companion  to  the  Observatory,  a  minimum 
of  the  long-period  variable,  W  Lyrce,  was  due  on  May  8th  and  a 
maximum  on  August  21st  of  this  year.  About  sixty  observations 
were  obtained  between  April  21st  and  September  14th,  but  the 
following  list  includes  only  those  showing  distinct  gradations  and 
some  seeming  fluctuations.  Clouds  hindered  observation  from 
August  2d  to  24th,  but  no  doubt  it  was  clear  elsewhere  during 
the  time  of  the  predicted  maximum.  Three  days  after  that  date 
the  star  had  fallen  to  9.4  magnitude,  and  unless  the  decline  was 
very  rapid,  it  is  probable  that  the  maximum  occurred  long  before 
the  date  of  prediction,  as  it  had  risen  to  eighth  magnitude  seven 
weeks  previously.  On  April  21st  and  26th,  May  4th,  7th,  and 
8th  it  was  invisible  in  a  four-inch  lens. 

May     17.     Equal  to  /,  classed  as  of  12th  mag. 
"        23.     Equal  to  g  of  10th  mag. 
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Brighter  than  g,  but  less  than  a  of  8.6  mag. 
Not  so  near  the  brightness  of  a,  but  equal  to/  of  9.4  mag. 
Equal  to  e  of  8.8  mag. 
Brighter  than  <?,  but  not  fully  equal  to  a. 
Equal  to  a. 

Brighter  than  n  of  8. 1  mag. 
Equal  to  n. 
Brighter  than  n. 
Equal  to  n. 
Brighter  than  n. 
Equal  to  n. 

Less  than  nt  equal  top. 
Equal  to /of  ioth  mag. 

Equal  to  gt  which  seems  fainter  than  /*,  probably  only  one- 
tenth. 

The  comparison -stars  used  are  those  named  in  Popular 
Astronomy,  No.  46. 

U*  Cygni. 

The  following  observations  of  this  Algol  variable,  discovered 
by  Madame  Ceraski  on  photographs  taken  at  the  Moscow 
Observatory,  include  but  one  minimum,  which  occurred  on 
June  14th.  The  normal  brightness  of  the  star  seems  to  be  about 
9th  magnitude,  but  on  June  15th,  21st,  22d,  July  24th,  August 
1st  it  rose  to  nearly  6th  magnitude. 


June 

2. 

(< 

4. 

1 1 

10. 

«t 

21. 

t< 

23. 

«« 

29. 

July 

3- 

li 

5- 

tt 

7. 

l< 

8. 

Aug. 

1. 

«« 

24. 

Sept. 

7- 

1 1 

14. 

MflV     «  Tono  p  m  )    Midway  between  a  and/  of  the  comparison- 
May      23.  IO.OO  P.  M.  f  starg    named    jn   p^    Ast    Nq     ^  and  js 

24.  9:30  p.  m.  )  accordingly  of  8.9  mag. 

"        27.  10:00  p.  m.      Nearly  equal  to  a  of  8.6  mag.,  but  less  than  g 

of  8.2  mag. 

44        29.  9:40  p.  m.      Equal  to/ of  9.2  mag. 

"        3°-  9:30  P.  m.  \ 

"       31.  9:30  p.  m.  \  Brighter  than  /  dimmer  than  a. 

June      1.  9:30  p.  m.J 
"          3-      9:3°  p-  m.      Not  so  near  a  in  brightness,  but  still  brighter 

than  /     Night  not  very  clear. 

11         4.  8:53  p.  m.      Still  nearer  to/  than  to  a.    Night  clear. 

11  5.  10:10  P.M.' 

41  6.  9:00  p.  m.  I 

41         7.  9:30  p.  m.  }»  Equal  to/    Nights  clear. 

14  8.  9:00  p.  M. 

41  9.  9:00  P.  M.  j 

10.  8:45  p.  m.  I    Brighter  than  f  not  equal  to  a% 

41  12.  9:00  P.  M.  J 

44        14.  8:55  p.  m.      It  is  barely  discernible,  probably  of  12th  mag. 

44        15.  9:00  p.  m.      It  is  equal  to  a,  but  less  than^*. 

44        21.  9:15  p.  m. 

44        22.  9.15  P.  M. 


\  Nearly  as  bright  as  a. 
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June 

23. 

9:00  P.  M. 

(< 

24. 

8:47  P.  M. 

*i 

25. 

8:50  P.  M. 

t« 

26. 

9:00  P.  M. 

t« 

27. 

8^0  P.M. 

i« 

28. 

9:00  P.  M. 

<( 

29- 

9:00  P.  M. 

tt 

30. 

9:00  P.  M. 

July 

2. 

8.'20  P.  M. 

«< 

3. 

8:40  P.  M. 

«< 

4. 

10:40  P.  M. 

•  1 

5. 

8:50  P.  M. 

<t 

7. 

9:00  P.  M. 

14 

8. 

8:45  P.  M. 

<« 

9. 

8:30  P   M. 

«« 

10. 

8:30  P.  M. 

4( 

13. 

9XO  P.  M. 

<« 

18. 

8:50  P.  M. 

it 

24. 

8:50  P.  M. 

Aug. 

1. 

8:30  P.  M. 

Equal  to  d  of  9.6  mag. 
{■   Equal  to/. 

Brighter  than  /. 
\  Equal  to/. 


Slightly  brighter  than  J. 


Equal  to  d. 
Brighter  than  / 
Equal  to  / 

I  Brighter  than  / 

Equal  to  / 

}  Nearly  equal  to  a. 


San  Francisco,  September  21,  1901. 


NOTICES    FROM    THE    LICK    OBSERVATORY/ 


Prepared  bv   Members  of  the  Staff. 


Observations  of  the  Spectrum  of  Nova  Pexsei^ 

At  the  time  of  the  discovery  of  Nova  Fersei,  the  two  single- 
prism  spectrographs,  with  which  all  our  low-dispersion  photo- 
graphs of  the  past  ten  years  were  secured,  had  just  been  shipped 
to  Sumatra  with  the  Crocker  Eclipse  Expedition-  This  shipment, 
including  likewise  several  minor  pieces  of  apparatus,  left  the  spec- 
troscopic resources  of  the  Observatory  temporarily  inadequate 
for  the  efficient  analysis  of  the  star's  light.  The  Mills  spectro- 
graph was  too  powerful  for  a  qualitative  study  of  the  spectrum, 
and  was  limited  in  its  action  to  parts  of  the  blue  and  violet  re- 
gions. Fortunately,  we  possess  an  abundant  supply  of  large  6o° 
prisms,  both  light  and  dense ;  and  from  these,  in  connection  with 
the  Mills  spectrograph,  new  and  efficient  apparatus  was  designed 
and  constructed  as  required. 

In  all  the  spectrographs  employed,  and  described  below,  the 
collimator  section  of  the  Mills  spectrograph  was  used;  and  the 
changes  made  relate  entirely  to  the  prism* boxes,  cameras,  and 
braces  for  supporting  the  cameras.  It  will  be  a  convenience  in 
the  discussion  of  the  observations  to  have  some  ready  method  of 
referring  to  the  different  combinations  of  apparatus. 

The  Mills  spectrograph,  as  ordinarily  employed,  will  retain 
its  usual  designation. 

The  other  instruments,  referred  to  as  spectrographs  I,  II,  III 
and  IV,  will  now  be  described. 

I*  A  brass  prism -box,  designed  some  years  ago  by  Mr. 
Campbell,  for  converting  the  Mills  spectrograph  into  a  one- prism 
instrument,  was  made  ready  for  use  by  the  evening  of  February 
25th.  It  contained  a  single  6oa  light  flint  prism,  and  carried  the 
regular  Mills  camera  of  4o6mm  focal  length.  The  instrument  was 
found  to  give  excellent  definition  from  above  A  3700  to  X  5700, 

*  Lick  Astronomical  Department  of  the  University  of  California, 
t  Condensed  from  Lick  Gbservalorv  Sultrim.  No.  6, 
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By  tilting  the  plate  slightly,  the  definition  was  equally  good  from 
X  4000  to  A  6000. 

II.  A  large  6o°  dense  flint  prism,  and  a  visually  corrected 
triple  lens  of  aperture  5°"  and  focal  length  53cm  ,  were  mounted 
in  wood,  and  attached  to  the  collimator  section  of  the  Mills  spec- 
trograph. Most  of  the  visual  observations,  and  some  photo- 
graphs in  the  yellow  and  orange  regions,  were  secured  with  this 
instrument.  It  replaced  spectrograph  I  late  in  the  evening  of 
February  25th,  and  visual  observations  were  obtained  The  fine 
dark  D  sodium  lines  in  the  broad  bright  D  band  were  seen  at 
once,  and  with  ease.  The  dark  lines  were  compared  directly 
with  the  bright  D  lines  from  an  alcohol  flame;  and  the  star's  lines 
were  estimated  by  the  two  observers,  respectively,  to  be  dis- 
placed to  the  red  about  an  eighth  and  a  tenth  of  the  distance 
between  Dx  and  Da.  These  estimates — corresponding  to  radial 
velocities  of  38  and  30  kilometers  per  second  —  were  in  close 
agreement  with  the  photographic  results  [see  page  231]  secured 
a  few  nights  later. 

III.  It  was  considered  very  desirable  to  obtain  high-dispersion 
photographs  of  the  D  region.  As  the  Mills  spectrograph  is  lim- 
ited to  portions  of  the  blue  and  violet,  it  was  necessary  to  con- 
struct another  prism-box  and  some  auxiliary  apparatus  to  secure 
the  desired  result.  A  prism-box  to  hold  three  very  dense  6o° 
prisms  was  constructed  of  wood  by  the  Observatory  carpenter, 
from  designs  by  Mr.  Wright.  The  whole  matter  of  designing, 
constructing,  adjusting,  and  testing  the  apparatus  required  a  day 
and  a  half.  The  instrument  gave  excellent  results;  no  effects  of 
flexure  or  shrinkage  of  the  wood  during  the  long  exposures  were 
visible.     With  the  4o6mm  camera,  the  separation  of  the  D  lines  is 

o.i5mm. 

IV.  Another  box,  similar  in  design  to  the  one  described  in 
the  preceding  paragraph,  was  constructed  for  the  purpose  of 
photographing  the  //"and  A' regions  under  high  dispersion.  It 
was  lighter  in  some  of  its  parts,  and  gave  evidence  of  flexure. 
Results  of  value  were  secured  with  it,  however.  The  three  Mills 
prisms  were  used  in  this  box,  as  the  denser  ones  were  entirely 
too  yellow  for  work  in  the  violet. 

The  comparison-lines  used  include  those  of  iron,  magnesium, 
sodium,  hydrogen,  and  helium.  Wave-length  determinations 
have  in  all  cases  been  based  on  the  Hartmann-Cornu  formula. 

The  spectrum  was  recorded  from  7/8  to  H/S  on   February 
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24th,  with  the  Mills  spectrograph.  The  H&,  Hy,  and  Hfi  bands 
of  hydrogen  were  bright  and  extremely  broad,  and  were  accom- 
panied on  their  violet  sides  by  very  broad  absorption-bands. 
Otherwise,  the  spectrum  appeared  to  be  strictly  continuous.  The 
absorption  in  the  dark  bands  was  only  partial,  so  that  the  con- 
trasts between  bright  and  dark  bands  were  very  slight  The  Hfi 
bands  were  easily  visible,  but  the  Hy  and  H8  bands  were  rather 
difficult,  as  a  result  of  the  too  strong  dispersion  afforded  by  this 
instrument.  The  general  character  of  the  spectrum  would  have 
been  shown  much  better  by  one-prism  spectrograms. 

On  February  25th,  photographs  were  secured  with  spectro- 
graph I,  and  the  star  was  observed  visually  with  spectrograph 
II.  Numerous  bright  and  dark  lines  were  easily  observed;  and 
while  allowance  must  be  made  for  the  lower  dispersion  used,  it  is 
safe  to  say  that  in  the  region  of  the  spectrum  photographed  on 
the  preceding  night,  the  bright  bands  and  the  contrasts  between 
bright  and  dark  bands  were  relatively  much  stronger.  The 
bands  appeared  to  be  identical  with  those  in  the  early  spectrum 
of  Nova  Auriga  ( February,  1892),  but  in  the  earlier  star  the 
bands  were  much  narrower  and  the  contrasts  were  vastly 
stronger. 

H*  was  very  bright,  and  situated  with  reference  to  the  arti- 
ficial Ha.  line  in  the  same  manner  as  the  other  hydrogen  bands 
with  reference  to  their  normal  positions.  It  was  accompanied  on 
the  more  refrangible  side  by  its  corresponding  dark  band.  A 
very  bright  and  broad  band  in  the  orange,  presumably  due  to 
sodium  radiations,  was  crossed  by  two  apparently  monochro- 
matic dark  lines*  These  were  identified  as  Dt  and  Z?a.  To  the 
violet  of  this  band  was  the  usual  absorption.  It  covered  the 
normal  position  of  Dv  but  there  is  no  reason  to  suspect  that  it 
related  to  the  element  helium.  Besides  the  five  well-known  Nova 
bright  bands  in  the  region  of  X  4860  to  A.  5270  no  further  details 
could  be  observed  visually,  on  account  of  the  strong  continuous 
spectrum  which  masked  the  fainter  bands. 

The  spectrograms  obtained  on  February  25th  extended  from 
X3830  to  X5700.  One  of  these,  enlarged  7 -fold,  is  reproduced 
in  the  accompanying  sheet  of  illustrations  (Fig.  1).  Perhaps  the 
most  striking  features  of  the  plates  are  the  broad  bright  and 
dark  H  and  K  bands,  the  bright  components  being  crossed  by 
fine  dark  H  and  K  lines  (Fig.  5).  The  band  at  H  is  evidently 
the  result  of  the  superposition  of  the  Ht  (hydrogen)  and  H 
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(calcium)  bands.  The  fine  H  line  is  apparently  not  so  black  as 
the  K  line,  though  allowance  must  be  made  for  the  different 
densities  of  the  negative  at  the  two  places. 

The  violet  edges  of  the  bright  bands  are  the  more  sharply 
defined,  except  for  the  A" band,  in  which  the  reverse  is  the  case. 
The  hydrogen  bands  are  very  broad  and  diffuse,  and  it  is  diffi- 
cult to  locate  the  positions  of  maximum  with  accuracy.  There 
seems,  however,  to  be  a  decided  shift  of  the  maxima  to  the  violet 
of  the  normal  positions  of  the  hydrogen  lines,  by  an  amount 
greater  than  the  probable  error  of  measurement 

The  next  photographs  with  the  same  apparatus  were  secured 
on  March  13th,  by  which  time  the  spectrum  had  greatly  changed. 
These  changes  appear  to  be  more  pronounced  in  the  photo- 
graphs taken  on  March  18th,  and  these  two  sets  will  be  consid- 
ered together.  The  spectrograms  show  the  K  band  to  have 
disappeared.  Most  probably  the  H  band  shared  a  similar  fate, 
though  it  is  impossible  to  prove  this,  on  account  of  the  superpo- 
sition of  the  Ht  band,  referred  to  above.  The  fine  //and  K 
lines  remain,  but  the  absorption  in  the  former  appears  to  be  less 
complete  than  before.  The  maxima  of  the  bright  hydrogen 
bands  are  shifted  several  tenth-meters  toward  the  red  from  the 
normal  positions  of  the  hydrogen  lines. 

It  is,  however,  in  the  dark  bands  accompanying  the  bright 
ones  that  the  changes  are  most  marked.  The  former  broad, 
diffuse  absorption-bands  are  replaced  by  multiple  fine  lines.  Of 
these  lines,  the  one  of  greatest  wave-length  is  many  times  the 
most  intense,  and  practically  terminates  the  bright  band  with 
which  it  is  associated.  Two  other  lines  were  observed  with  cer- 
tainty in  many  of  the  groups,  and  were  suspected  in  all  the 
groups,  except  //£,  where  the  spectrum  was  too  faint  for  reliable 
observation. 

The  displacements  of  the  principal  dark  lines  from  the  normal 
positions  of  the  hydrogen  lines  vary  considerably  from  one  end 
of  the  spectrum  to  the  other,  but  seem  to  be  very  approximately 
proportional  to  the  wave-lengths.  In  the  following  tables  the 
means  of  the  displacements  for  the  two  dates  are  given  in  the  sec- 
ond column,  while  those  computed  on  the  assumption  of  direct 
proportionality  to  the  wave-lengths  are  given  in  the  third.  The 
assumed  proportion  is  represented  by  the  equation  AA  =  0.00505A. 
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Line.  A\  O —  C  Wt. 


Observed. 

Computed. 

Ht 

19.28  t.  m. 

19.64  t.  m. 

—  0.36  t.  m. 

1 

"< 

20.04 

I9.98 

+  0.06 

1 

m 

20.5I 

2O.79 

—  0.28 

1 

Hy 

22.18 

22.91 

+  0.27 

1 

"e 

25-  7 

245 

+  1.2 

% 

The  wave-lengths  in  the  neighborhood  of  //j8  cannot  be  de- 
termined with  great  accuracy  from  these  plates,  on  account  of 
both  the  relatively  low  dispersion  in  that  region  of  the  spectrum 
and  the  unsatisfactory  nature  of  the  comparison-lines  available 
for  measurement.  In  the  determination  of  the  constant  of  pro- 
portionality the  H$  result  was  therefore  given  weight  one-half. 
Considering  the  unsymmetrical  distribution  of  light  on  the  two 
sides  of  the  absorption-lines,  it  is  safe  to  say  the  residuals  (O  —  C) 
are  commensurate  with  the  errors  of  measurement.  The  pro- 
portionality of  the  displacements  of  the  dark  hydrogen  lines  to 
their  wave-lengths  therefore  appears  to  be  a  fundamental  charac- 
teristic of  the  star's  spectrum  at  this  stage  of  its  development. 

We  shall  refer  to  the  displacements  of  some  of  the  other  dark 
lines,  the  origins  of  which  are  open  to  little  doubt.  While  the 
dark  H  and  K  bands  were  in  evidence,  they  were  displaced 
toward  the  more  refrangible  end  of  the  spectrum  by  about  16.5 
t.  m.  On  account  of  the  breadth  of  the  bands,  the  measured  dis- 
placement is  liable  to  an  error  of  perhaps  two  tenth-meters.  The 
displacement  computed  by  means  of  the  proportionality  assumed 
above  is  20  t.  m.  The  displacement  of  the  dark  D  band  (due  to 
sodium),  which  will  be  referred  to  below,  is  27  t.  m.  The  error 
of  measurement  of  the  position  of  this  band  is  influenced  by  its 
breadth,  and  to  some  extent  by  the  sensitiveness- curve  of  the 
"  isochromatic ' '  plate  used,  which  is  very  steep  in  this  region  of 
the  spectrum.  The  tendency  would  be  to  make  the  measured 
displacement  smaller.     The  computed  displacement  is  30  t.  m. 

The  computed  displacements  given  above  depend,  as  has  been 
said,  on  measurements  of  the  fine  hydrogen  lines  which  devel- 
oped after  the  calcium  bands  had  disappeared,  and  probably 
after  the  spectrograms  of  the  D  band  had  been  secured.  It 
might  therefore  seem  more  reasonable  to  compare  the  displace- 
ments of  the  calcium  and  sodium  bands  with  those  of  the  diffuse 
bands  of  hydrogen  which  existed  simultaneously  with  them,  and 
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resembled  them  somewhat  in  their  general  characteristics.     The 
displacements  of  the  hydrogen  bands  are  — 

Line.  AX 

&h  —  19  t  m. 

Hy  -  i9 

^3  -  24 

From  these  we  obtain  the  equation  AX  =  0.0046*.  The 
observed  displacements,  and  those  computed  on  this  basis,  are  — 

Line.  AX 

Observed.  Computed. 

K        —  17  t.  m.         —  18  t.  m. 
H        -  16  -  18 

D        —  27  —  27 

The  agreement  is  closer  than  that  resulting  from  the  first 
assumption.  There  is,  then,  no  evidence  that  the  position  of  the 
bands  is  affected  by  other  considerations  than  that  of  wave-length. 

The  other  features  of  the  spectrum  are  shown  in  the  repro- 
duction of  one  of  the  plates  of  March  18th  (Fig.  2),  directly 
enlarged  from  the  original  negative. 

The  spectrograms  for  February  25th  and  March  18th  are  not 
strictly  comparable  on  the  red  side  of  H$%  for  the  reason  that  the 
plates  used  on  the  two  dates  were  of  different  character.  The 
earlier  spectrogram  was  made  on  a  Cramer  isochromatic  plate, 
and  the  later  one  on  an  ordinary  Cramer  Crown,  a  plate  not 
sensitized  to  the  lower  rays.  In  all  of  the  plates  secured  on 
March  13th  and  18th,  the  region  X4600-X  4700  was  over- 
exposed, and  the  details  thereby  destroyed. 

During  the  early  part  of  April  the  appearance  of  the  spectrum 
was  as  is  indicated  in  Figure  3.  The  triple  absorption-lines 
referred  to  above  had  so  decreased  in  intensity  as  to  make  their 
recognition  very  uncertain.  A  broad  and  diffuse  absorption  had 
developed  in  the  neighborhood  of  the  normal  position  of  the 
three  principal  hydrogen  lines.  //£  is  just  on  the  limit  of  visi- 
bility on  the  photographs,  and  no  details  can  be  observed  with 
certainty  in  that  region.  The  spectrogram  of  April  5th  was  made 
on  a  Cramer  isochromatic  plate,  as  was  also  that  of  February 
25th,  so  that  the  two  should  be  comparable. 

It  was  not  possible  to  observe  the  star  every  night  over  a 
long  period  of  time,  for  the  purpose  of  detecting  rapid  variations 
in  the  spectrum;  such  ones,  for  instance,  as  might  accompany 
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the  more  or  less  periodic  changes  in  the  star's  brightness.  In 
general,  it  was  noticed  during  the  spring  months  that  the  bright 
bands  were  relatively  more  intense  at  minima  than  at  maxima  of 
the  star's  brightness;  that  is,  that  the  variations  affected  the  con- 
tinuous spectrum  more  than  the  bright  lines.  We  recognize 
that  physiological  effects  may  play  an  important  part  in  such 
estimates,  however.  Definite  changes  certainly  occurred  be- 
tween April  1st  and  5th.  The  bands  A  4629  and  A.  4675,  appear- 
ing on  the  spectrogram  of  April  5th,  are  not  on  that  of  April  1st; 
and  the  bands  of  April  1st  at  A  4583  and  AA  4632-4661  are  not 
recorded  on  that  of  April  5th.  The  band  at  A.  4675  was  too  faint 
to  record  itself  on  the  earlier  photograph.  The  changes  described 
could  be  caused  by  variations  in  the  relative  intensities  of  one  or 
two  of  the  bands  concerned. 

The  absence  in  Sumatra  of  the  principal  parts  of  the  large 
visual  spectroscope  prevented  visual  measurements  of  the  spec- 
trum. There  was  little  need  for  these,  however,  as  the  isochro- 
matic  plates  afforded  vastly  more  valuable  observations  down  to 
and  including  the  D  region ;  and  the  Ha.  band  was  photographed 
with  erythro  plates,  as  well  as  observed  visually.  In  February 
no  bright  bands  were  visible  except  those  which  have  been  men- 
tioned above  or  described  in  the  tables.  As  the  star  grew  fainter, 
additional  bands  were  observed.  At  the  times  of  the  last  visual 
observations,  on  April  14th  and  21st,  essentially  all  the  bands 
observed  in  the  early  sprectrum  of  Nova  Auriga  were  present. 
Those  at  A.  5760,  A.  5840,  A.  6 160,  and  A.  6300  were  easily  seen.  The 
last  photographic  observation  was  secured  on  April  14th. 

The  spectrum  was  observed  visually  on  two  evenings,  with 
instrument  I,  for  the  purpose  of  determining  whether  the  light  of 
the  star  was  plane-polarzied  to  any  extent.  The  slit  was  opened 
wide,  and  a  Nicol  prism  was  held  in  front  of  the  eyepiece.  As 
the  prism  was  rotated,  no  narrowing  of  the  lines,  or  other  phe- 
nomena, were  observed,  except  a  slight  darkening  of  the  spec- 
trum as  a  whole,  due  to  the  polarizing  effect  of  the  spectroscope. 
The  results  furnish  no  evidence  of  a  Zeeman  effect  in  the  star, 
but  in  some  respects  the  evidence  is  merely  of  a  negative  char- 
acter. 

The  velocities  in  the  line  of  sight  determined  from  measure- 
ments of  the  fine  dark  //'and  K calcium  lines  on  all  the  plates 
secured  up  to  and  including  March  i8th,  with  spectrograph  I, 
are  contained  in  the  following  table: — 
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Date 

Feb.   25 

Plate  No. 

2023C 
2025C 

2026  D 

Velocities. 
H                         K 

—  4km         +    6km 

+    2            +5 

+13 

Mar.   13 

2049C 
2050D 

-    6 
+  22 

+  13 
—  4 

Mar.   18 

2056C 

2057  D 

+  7 

+  14 

+  7 

Means  +    4.2km      +    7.7km 

These  values  are  corrected  for  the  orbital  motion  of  the  earth, 
but  not  for  diurnal  motion  and  the  curvature  of  the  spectrum 
lines.  These  corrections  are  — o.2km,  and  — o.^y  respectively. 
Applying  them  to  the  mean  of  the  individual  determinations,  we 
have  +5.7km  per  second  as  the  observed  radial  velocity  of  the 
star.  This  value  was  used  in  correcting  all  the  wave-lengths 
determined  with  spectrograph  I. 

Recalling  that  the  above  individual  results  depend  each  upon 
measures  of  a  single  line,  on  plates  secured  with  an  instrument 
containing  only  one  light  flint  prism,  whereas  the  current  results 
with  the  Mills  spectrograph  depend  upon  measures  of  many 
lines  dispersed  by  three  dense  flint  prisms,  the  linear  values  of 
the  discrepancies  are  seen  to  be  small. 

A  spectrogram  of  the  //'and  K region  secured  on  March  5th 
with  spectrograph  IV  yielded  the  following  velocities,  from  the 
fine  dark  lines: — 

//,  +6.5kin 
Ky  +  8. 1 


Mean,  +  7.3k,u 

A  discrepancy  of  2.5km  at  Hy  corresponds  in  linear  value  to 
i.8km  at  H, 

These  dark  lines  were  very  narrow.  The  measured  widths  on 
the  above  plate  were  0.22  t.  m.  and  0.28  t.  m.  respectively, 
including  the  effects  of  flexure  of  the  instrument  in  broadening 
the  lines. 

Spectrograms  of  the  D  region  were  secured  on  February  26th, 
27th,  28th,  and  March  3d,  14th,  and  17th,  with  either  low  or  high 
dispersion.  While  some  of  the  low-dispersion  plates  are  quite  satis- 
factory, those  of  high  dispersion  are  so  much  more  so  that  results 
from  the  high  dispersion  alone  will  be  considered.     One  of  the 
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latter  was  obtained  on  February  28th,  and  is  reproduced  in  Figure 
4.  The  position  of  maximum  is  apparendy  to  the  violet  of  the 
D  absorption-lines;  but  the  slope  of  the  sensitiveness-curve  of  the 
plate,  referred  to  above,  would  have  a  very  strong  tendency  to 
shift  the  apparent  maximum  to  the  violet,  .so  that  it  is  impossible 
to  locate  the  actual  position  of  greatest  intensity. 

The  radial  velocities  of  the  Nova  determined  from  the  D  lines 
on  these  plates  are  as  follows: — 


Date. 

Plate  No. 

Velocity. 
Di            D* 

+  38  71  +  33.8 
+  33-81  +  25.8 

Mean. 

Corr.  for 
Curv. 

Red  to 
Sun. 

Velocity. 

Feb.  28 
Mar.    3 

2034C 
3040D 

+  36.1 
+  29.8 

—  2.7 

—  2.3 

—  27.3 

—  27.O 

+  6.ikm 
+  0.5 

Mean  velocity  with  reference  to  Sun,  +  3.3* 


In  comparing  these  results  for  the  D  region  with  those  secured 
from  ordinary  line-of-sight  work  in  the  violet  region,  it  is  neces- 
sary to  bear  in  mind  the  matter  of  relative  prismatic  dispersion 
for  the  two  regions.  In  the  Mills  spectrograph  work  at  Hy  we 
should  be  satisfied  if  the  discrepancy  between  the  values  secured 
from  two  plates,  on  each  of  which  only  two  lines  had  been  meas- 
ured, were  less,  say,  than  2  J^  kilometers  per  second.  The  linear 
value  of  the  discrepancy  between  the  above  results,  6. 1  —  o.  5  = 
5.6km,  would  correspond  to  2.4km  at  Hy,  with  the  Mills  spectro- 
graph. 

As  a  check  on  these  results,  the  D  lines  were  measured  on  a 
spectrogram  of  the  planet  Mars,  taken  under  similar  conditions. 
The  difference  between  the  observed  and  computed  velocities, 
— 2.2km,  corresponds  to  —  i.okm  at  Hy,  and  is  satisfactory. 

The  D  absorption-lines  are  very  narrow.  A  comparison  oi 
their  widths  with  those  of  the  corresponding  lines  in  the  solar 
spectrum  is  not  without  interest.  A  measurement  of  one  of  the 
plates  places  their  width  at  0.8  t.  m.  The  width  of  the  solar 
lines  according  to  Rowland's  tables  is  0.17  t.  m.  It  was  con- 
sidered better,  however,  to  compare  the  two  spectra  under  the 
same  instrumental  conditions.  The  widths  of  the  D  lines  on  a 
spectrogram  of  Mars  and  on  one  of  the  Sun  were  therefore  meas- 
ured, with  the  following  results: — 


Lin*. 

Mars. 

Width  in 
Sun. 

Nova. 

D, 

i.ot.  m. 

0.9 1.  m. 

0.8 1.  m 

A 

1.2 

I.I 

0.8 

*$*  Publications  of  the 

The  solar  and  planetary  lines  are  probably  somewhat  broad- 
ened by  the  presence  of  unresolved  companions,  but  it  is  evident 
that  the  breadths  in  the  two  cases  are  of  the  same  order.  The 
last  spectrogram  of  the  D  region,  secured  in  the  spring,  was  a 
low-dispersion  one  taken  on  March  17th.  It  showed  the  general 
features  to  have  remained  practically  unchanged. 

For  convenience,  the  determinations  of  radial  velocity  referred 
to  above  are  here  collected: — 

Spectrograph     I,  /f  and  K%  +  5.7km 
Spectrograph  III,  Dx  and  D*  -f  3.3 
Spectrograph  IV,  /fand  A",  +7.3 

In  addition  to  the  spectrograms  on  which  these  results  depend, 
a  number  of  others  recorded  the  absorption-lines  of  sodium  and 
calcium.  Within  the  limits  of  error  of  measurement,  all  give 
accordant  results.  There  is  no  evidence  that  the  velocity  is 
variable;  and  this  view  is  strongly  confirmed  by  the  results  of  the 
summer  series  of  observations,  to  be  described  below. 

Spectroscopic  observations  of  Nova  Persei  were  discontinued 
from  April  21st  to  July  9th,  while  the  Sun  was  passing  through 
this  region  of  the  sky.  Our  regret  that  the  southern  position  of 
the  Lick  Observatory  prevented  observations  in  this  period  is 
coupled  with  the  hope  that  the  observatories  of  northern  Europe 
were  able  to  obtain  a  practically  continuous  series. 

Our  summer  series  of  observations  has  been  secured  mainly 
with  spectrograph  I.  The  first  observation  of  the  series  was 
made  on  July  9th.  As  announced  by  Professor  Pickering,  the 
spectrum  at  this  time  was  that  of  a  nebula.  The  usual  nebular 
lines  are  represented  by  broad  bright  bands.  The  several  spec- 
trograms obtained  at  well-distributed  intervals  since  July  9th  do 
not  show  that  any  pronounced  changes  have  occurred  in  this 
time.  Spectrograms  covering  the  region  A  3800  -  A  5900  are 
reproduced  in  Figures  6  and  8. 

The  Ha  band  is  very  bright,  but  no  other  details  additional  to 
those  on  the  photographs  have  been  shown  by  the  visual  obser- 
vations. 

A  striking  feature  of  the  spectrum  is  the  distribution  of  the 
light  in  most  of  the  bands.  In  general,  there  is  a  maximum, 
considerably  displaced  to  the  violet  of  the  normal  position  of  the 
nebular  line.  This  maximum  is  accompanied  on  its  less  refran- 
gible side  by  a  pronounced   minimum.     In  most  cases  another 
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minimum  appears  to  the  red  of  this,  and  in  some  of  the  bands 
there  are  additional  minima.  The  one  nearest  to  the  maximum 
is  in  each  case  the  strongest.  While  we  have,  of  course,  no 
knowledge  as  to  the  origin  of  these  minima,  their  appearance 
certainly  suggests  that  they  are  absorption  phenomena,  and  they 
will  be  referred  to  as  such.  Though  most  of  the  bands  conform 
to  a  general  type,  they  are  not  by  any  means  duplicates  of  one 
another.  In  some  cases  the  principal  absorption-line  alone  was 
identified  with  certainty,  while  in  others  lines  apparendy  not 
belonging  to  the  series  were  strongly  suspected.  In  a  number 
of  instances  the  appearance  of  the  bands  was  indicative  of  such 
complexity  of  structure  as  to  make  it  impossible  to  consider 
more  than  their  general  features  in  a  preliminary  study  of  this 
sort.  It  is  quite  possible  that  some  of  the  absorption-lines  are 
due  to  gases  in  the  atmosphere  of  the  star,  which  are  not  directly 
involved  in  the  production  of  the  bands.  In  fact,  this  actually 
occurs  in  the  case  of  the  D  sodium  lines  and  the  H  calcium  line. 
The  latter  appears  as  an  absorption-line  in  the  band  X  3947-X3988. 
There  is  little  reason  to  doubt  that  its  companion,  the  K  line, 
is  absent  only  by  reason  of  the  fact  that  there  the  calcium  vapor 
has  nothing  to  absorb. 

Another  cause  of  complexity  is  the  overlapping  of  bands. 
This  occurs  in  at  least  three  cases: — 

1.  The  bands  corresponding  to  X  4340. 6  (Hy)  and  X4363 
(  nebular  line  )  are  involved  in  the  composite  band  X  4325-X4385. 

2.  Those  belonging  to  the  nebular  lines  X  4685. 9  and  X  47 1 3.2 
(  helium  )  are  superposed  in  the  band  X  4669-X  4746.  There  are, 
in  fact,  circumstances  which  indicate  the  presence  of  still  another 
component  in  this  band.  It  will  be  seen  by  referring  to  Table  IV 
that  there  is  a  maximum  at  X4714,  brighter  than  the  one  at 
X4703,  and  which  cannot  be  accounted  for  by  the  superposition 
of  the  two  bands  to  which  reference  has  been  made,  assuming 

•  them  to  be  of  normal  type.  In  addition,  there  are  absorption- 
lines  at  X4719  and  X  4725.7.  These  effects  would  be  produced 
by  a  superposed  band  of  the  regular  type  corresponding  to  a 
line  of  normal  wave-length  X  4724.  Moreover,  judging  from  the 
other  bands,  the  band  whose  maximum  is  at  X  4703  should  vanish 
at  about  X  4733,  whereas  the  composite  band  in  question  extends 
to  X  4746.  The  extension  may,  however,  be  due  to  the  nebular 
line  X  4743  ±,  the  presence  of  which  is  partially  indicated  by  an 
absorption-line  at  X4736.     While  the  complexity  of  the  band  is 
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such  that  a  final  statement  of  its  composition  is  impossible  with- 
out further  study,  the  hypothesis  of  a  line  normally  at  A.  4724  is 
advanced  as  furnishing  a  plausible  explanation  of  the  structure  of 
the  broad  band. 

3.  The  band  X  3953-X  3984  was  supposed  at  first  to  be  the 
broadened  H*  line;  but  on  this  supposition  the  line  is  unduly 
strong.  The  Hy  band  is  very  bright,  ffS  is  fairly  bright,  and  the 
X  3969  is  very  bright,  whereas  //J  and  the  rest  of  the  ultra-violet 
hydrogen  series  do  not  appear.  Furthermore,  the  displace- 
ment of  the  maximum  of  this  band  to  the  violet  of  the  normal 
position  of  ifc  was  greater  by  about  two  tenth-meters  than  that  of 
the  other  maxima  in  this  region  of  the  spectrum.  Some  spec- 
trograms of  well-known  planetary  nebulae  recently  secured  by 
Mr.  Wright  fully  explain  these  peculiarities.  In  all  previous 
work  on  the  nebulae,  the  line  recorded  at  this  point  in  the  spec- 
trum has  been  regarded  as  single,  and  has  been  assumed  to  be 
//c.  The  line  is  in  reality  a  wide  double,  as  shown  in  the  repro- 
duction of  the  spectrum  of  N.  G.  C.  7027  (Fig.  7).  The  com- 
ponent of  greater  wave-length  is  the  Ht  hydrogen  line,  at  X  3970.2; 
it  is  very  faint.  The  more  refrangible  component,  at  X  3967. 6,  is 
much  the  brighter  of  the  two,  and  appears  to  be  a  characteristic 
strong  nebular  line,  not  previously  observed.  The  positions  and 
relative  intensities  of  these  lines  leave  no  doubt  that  the  Nova 
band  at  X  3453-X  3984  corresponds  almost  entirely  to  this  nebular 
line  at  X  3967.6,  and  is  scarcely  influenced  by  the  He  radiations. 

In  order  to  investigate  the  displacements  of  the  maxima  of 
the  star-bands,  from  the  normal  positions  of  the  lines  in  the 
nebulae,  it  was  found  necessary  to  make  more  accurate  determi- 
nations of  the  wave-lengths  of  some  of  the  nebular  lines  than 
were  available.  An  investigation  with  that  end  in  view  was 
therefore  undertaken  by  Mr.  Wright,  and  some  of  the  prelimi- 
nary results  will  be  used  in  this  paper.  The  following  table  gives 
the  displacements  of  the  maxima  and  of  the  absorption  lines  of  all 
the  bands  of  the  Nova  which  have  been  identified  as  being  of 
nebular  origin.  The  first  column  contains  the  normal  wave- 
lengths of  the  lines  in  nebular  spectra,  the  second  the  displace- 
ments of  the  maxima,  and  the  third  the  computed  displace- 
ments on  the  assumption  of  proportionality  of  displacement  to 
wave-length,  according  to  the  empirical  formula  AX=  —  0.002 1 2X. 
The  following  four  columns  contain  the  measured  displacements 
of  the  absorption-lines  which  appear  to    belong   to  the  bands. 
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Positive  and  negative  signs  indicate  displacements  toward  the  red 
and  violet  ends  of  the  spectrum,  respectively.  Both  the  maxima 
and  the  minima  appear  to  be  displaced  in  proportion  to  their 
wave-lengths.  The  observed  widths  of  the  bands  are  given  in  the 
eighth  column,  as  far  as  they  can  be  determined;  but  it  should 
be  said  that  the  photographic  widths  are  affected  both  by  their 
intensities  and  by  the  sensitiveness-curve  of  the  plate.  The  red 
edge  of  the  band  at  A  5876  is  practically  at  the  limit  for  isochro- 
matic  plates.  The  wave-lengths  of  the  principal  bright  bands 
observed  in  Nova  Auriga  in  August,  1892,  by  Mr.  Campbell, 
are  contained  in  the  last  column.  That  star  was  of  the  10.5  mag- 
nitude, and  the  photographs  did  not  cover  the  ultra-violet  regions. 

Table    I. 


Wave 
lengths 

Displacements. 

Width 
of 

Principal 
Bands 

in  the 
Nebulae. 

Max. 
Obs'd. 

Max. 

Com'd. 

Min. 
Obs'd. 

Min. 
Obs'd. 

Min. 
Obs'd. 

Min. 
Obs'd. 

Bands. 

Nova 
Auriga. 

3868.9 

-8.7 

—  8.2 

-4.8 

+0.8 

+6.0 

+IO.O 

31 

39676 

—  8.6 

-  8.4 

—4.9 

+  I.I* 

(+3  8) 

31 

410I.9 

—  8.2 

-8.7 

-48 

+1. 

+7 

36 

4098 

4340.6 

~  94 

—  9-2 

~5- 

4336 

4363-3 

—  97 

—  91 

—5-2 

+x-4 

33 

4358 

4471.6 

-96 

—  95 

-5 

(0) 

34 

4466 

4643± 

— 11 

—10 

-8 

4630 

4685.9 

—10 

— 10 

-5 

+3 

+IO 

4681 

4713.2 

— 10 

— 10 

—5 

471- 

4743 

-6 

4861.5 

—  9 

— 10 

—6 

+1       (+7) 

(  +  11) 

33 

4857 

4959  0 

—11 

— 11 

—6 

+2 

34 

4953 

5007.0 

—11 

—11 

-6 

+1 

38 

5002 

5752 

—11 

—12 

-6 

+16 

43 

575o 

5875.9 

—13 

—12 

—7 

+1 

40 

6563t 

Parentheses  indicate  that  the  line  was  only  suspected.  The 
absorption  in  most  of  the  lines  is  incomplete,  so  that  the  bringing 
out  of  any  particular  one  is  largely  a  matter  of  exposure  and 
development.  It  is  quite  possible  that  other  lines  exist  which 
will  appear  in  a  final  comparison  of  all  the  sprectrograms  secured. 

The  nebular  character  of  the  Nova  spectrum  at  present  is 
evident  from  the  measures  published  in  the  tables,  and  may  be 
seen  at  a  glance  by  comparing  Figures  6  and  7.  All  of  the 
principal  bands  correspond  to  lines  known  to  exist  in  the  nebulae. 

•The  dark  line  //falls  in  this  place,  and  determines  the  exact  position  measured. 
tThe  very  bright  Ha  band  was  observed  visually,  but  no  attempt  was  made  to  photo- 
graph it  in  the  summer  series. 
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A  comparison  of  the  first  and  last  columns  of  Table  I  shows 
that  the  spectrum  of  Nova  Auriga  is  very  closely  related  to 
that  of  Nova  Persei,  The  absence  of  the  bands  at  A  5876  and 
X  6563  from  the  former  star  is  no  doubt  explained  by  the  fact  that 
it  was  more  than  four  magnitudes  fainter  than  the  present  star; 
and  it  is  probable  that  the  bands  at  X  3869  and  X  3968  were  not 
recorded  in  1892  because  no  auxiliary  correcting-lens  was  used 
to  eliminate  the  chromatic  aberration  effects  of  the  36-inch  objec- 
tive. The  bands  in  the  present  Nova  are  vastly  wider  than  in 
that  of  1892,  and  the  distribution  of  light  within  the  bands  seems 
to  be  different.  The  positions  of  corresponding  maxima  differ 
about  five  or  six  tenth-meters  in  the  two  cases.  Perhaps  the 
most  remarkable  features  of  the  1892  spectrum  were  the  bands 
observed  by  Mr.  Campbell  at  X4358  and  X5750.  The  X4358 
band,  in  August,  1892,  was  estimated  to  be  at  least  eight  times 
as  bright  as  the  Hy  band,  but  in  November,  1894,  it  had  become 
fainter  than  Hy\  and  the  band  at  X5750,  so  easily  observed  in 
1892,  had  become  extremely  difficult  in  1894  (Astrophysical 
Journal,  Vol.  I,  pp.  49-51).  These  two  bands  are  now  very 
prominent  in  Nova  Persei;  and  it  is  probable  that  they  will 
diminish  in  brightness,  as  in  the  case  of  the  earlier  star.  Cor- 
responding to  these  two  bands,  there  are  faint  lines  in  the  well- 
known  nebulae. 

The  radial  velocity  of  Nova  Persei,  determined  from  the  H 
absorption-line  of  calcium,  was  +  6km  on  July  15th,  and  -f-  i2km 
on  July  24th.  The  mean  of  the  two  determinations  is  in  satisfac- 
tory agreement  with  the  value,  5km,  afforded  by  the  ZHine  in  the 
spring  series. 

At  the  time  of  the  spring  observations,  the  D  absorption-lines 
occupied  positions  near  the  middle  of  the  broad  D  bright  band, 
as  shown  in  Figure  4;  and  the  D^  comparison  fell  near  the 
more  refrangible  edge  of  the  band.  In  the  summer  observa- 
tions, the  D3  comparison-line  (Fig.  8),  falls  near  the  middle 
of  the  bright  band,  and  the  sodium  comparison-lines  are  situated 
at  the  extreme  red  edge  of  the  band.  A  long  exposure  made  on 
August  1 2th  records  this  bright  band  to  about  the  wave-length 
X  5902,  and  the  sodium  D  absorption-lines  are  clearly  shown  to 
be  present.  Within  the  limits  of  error  of  measurement,  they 
occupy  exactly  the  same  positions  as  in  the  spring  observations. 
Corroborative  evidence  is  thereby  afforded  that  the  radial  velocity 
of  Nova  Persei  has  been  practically  constant. 
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A  number  of  the  bands  have  recently  been  photographed  with 
a  dispersion  of  three  dense  flint  prisms.  They  all  appear  to  have 
the  same  general  features,  as  follows:  A  pronounced  maximum 
is  near  the  violet  edge  of  the  band,  flanked  on  either  side  by  a 
subordinate  maximum.  To  the  red  of  this  group  is  a  broad 
minimum,  or  absorption-line,  while  still  farther  to  the  red  is  a 
group  of  maxima  and  minima  giving  the  appearance  of  four 
absorption- lines.  With  low  dispersion  this  group  was  observed 
in  most  of  the  bands  as  a  broad  and  diffuse  absorption-line  (  see 
Table  I,  column  5).  An  intensity-curve  drawn  from  a  Mills 
spectrogram  of  the  band  at  A  435  is  reproduced  in  Figure  9. 
Further  than  to  note  these  general  characteristics,  the  spectro- 
grams referred  to  have  not  been  studied. 

The  bearing  of  the  foregoing  observations  upon  the  various 
theories  of  new  stars  is  reserved  for  a  future  paper. 

It  is  greatly  to  be  regretted  that  the  delicate  details  of  the 
original  negatives  are  so  largely  lost  in  the  reproductions. 

Acknowledgments  are  due  to  Dr.  H.  M.  Reese  for  assistance 
in  taking  many  of  the  photographs  and  in  reducing  some  of  the 
measures.  W.  W.  Campbell, 

September  12,  1901.  W.  H.  Wright. 

Motion  in  the  Faint  Nebula  Surrounding  Nova  Persei.* 

A  negative  was  secured  with  the  Crossley  reflector  on  the 
nights  of  November  7th  and  8th  of  the  region  about  Nova  Persei, 
having  a  total  exposure  of  jh  1  gm.  Very  faint  nebulosity  is  shown 
on  all  sides  of  the  Nova,  the  most  pronounced  being  to  the  south. 
Several  broken  and  irregular  streamers  are  shown  in  this  direc- 
tion to  a  distance  of  6'  from  the  Nova,  while  the  brightest  mass 
of  all  is  very  close  to  the  star  on  the  southwest  side,  so  close  as 
to  appear  to  join  it.  There  are  several  quite  well  marked  con- 
densations in  the  form  of  wisps  on  the  outer  edge  of  the  nebu- 
lous area  to  the  south.  This  series  of  wisps  is  concave  toward 
the  Nova  and  forms  a  streamer  which  may  be  the  outer  portion 
of  a  spiral  or  a  portion  of  a  conic  section  other  than  a  circle. 
The  end  of  this  streamer  farthest  from  the  star  is  the  strongest 
and  is  of  a  very  peculiar  forked  form.  To  the  north  there  is 
considerable  very  faint  nebulosity,  but  without  any  particular 
structure. 


*  Abstract  from  Lick  Observatory  Bulletin,  No.  xo. 
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The  bright  mass  about  6'  south  of  Nova  was  discovered  by 
Professor  Max  Wolf  *  on  negatives  taken  with  his  doublets  on 
August  23d  with  an  exposure  of  four  hours. 

This  and  a  large  amount  of  new  nebulosity  were  photographed 
by  Mr.  Ritchey  f  at  the  Yerkes  Observatory  with  a  two-foot 
reflector  of  short  focus,  on  September  20th. 

A  comparison  of  the  negative  taken  with  the  Crossley  reflec- 
tor and  the  reproduction  of  one  secured  by  Mr.  Ritchey  showed 
that  remarkable  changes   had  occurred  in   the  positions  of  the 
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tour  most  pronounced  condensations  during  the  interval  of  forty- 
eight  days.  The  accompanying  diagram  shows  the  position  of 
the  Nova  and  surrounding  stars.  The  lines  marked  A,  B,  C,  Dr 
represent  the  amount  and  direction  of  motion  of  the  four  con- 
densations already  referred  to.  The  left-hand,  or  northwest,  end 
of  the  line  shows  the  position  of  the  center  of  figure  of  each  con- 
densation on  September  20th,  while  the  right-hand,  or  southeast, 
end  shows  its  position  on  November  7-8th.  It  will  be  seen  that 
in  the  interval  each  mass  suffered  a  displacement  of  about  i%\ 
or  at  the  rate  of  11'  per  annum.  The  directions  of  motion  do 
not  indicate  clearly  the  general  character  of  motion  of  the  nebula; 
it  is  certainly  not  radial,  but  further  than  this  it  is  not  possible  to 
say.     The  observed    motions  may  be  irregular,  spiral,  or  recti- 


*  Astronomische  Nachrichten,  No.  3736.         \Astrophy steal  Journal,  XIV,  167. 


Astronomical  Society  of  the  Pacific.  239 

linear.  The  photographs,  as  well  as  the  visual  observations, 
show  no  appreciable  proper  motion  in  Nova,  nor  does  there 
appear  to  be  any  abnormal  parallax  to  the  star.  Hence  if  we 
assume  that  the  Nova  and  its  nebulous  envelope  is  no  farther 
away  than  the  nearest  known  fixed  star,  the  observed  displace- 
ment shows  a  velocity  of  about  2,500  miles  per  second.  Should 
the  nebula  be  at  a  greater  distance,  or  not  be  moving  directly 
across  the  line  of  sight,  this  velocity,  great  as  it  is,  would  be  still 
larger. 

The  enormous  velocity  indicated  in  the  nebula  leaves  little 
doubt  that  it  is  closely  connected  with  the  outburst  which  caused 
this  star  to  become  so  brilliant. 

Whether  the  nebula  is  a  product  of  the  outburst  or  was  pres- 
ent at  the  time,  there  seems  no  way  of  telling  at  present. 

Several  theories  have  been  advanced  to  account  for  the  phe- 
nomena witnessed  in  connection  with  new  stars.  One  of  these, 
which  has  found  many  supporters,  is  that  a  collision  or  near 
approach  has  taken  place  between  two  solid  and  comparatively 
cool  bodies,  or  that  a  solid  body  has  encountered  a  nebula  or 
swarm  of  meteors.  The  evidence  of  such  excessively  great  veloci- 
ties strengthens  the  belief  that,  whatever  the  cause,  the  outburst 
is  due  to  some  great  catastrophe. 

A  photograph  was  secured  with  the  Crossley  reflector  on  the 
nights  of  November  12th  and  13th  with  a  total  exposure  of  ten 
hours.  The  plate  used  was  more  rapid  than  the  first,  and 
the  resulting  negative  shows  greater  strength  in  the  nebula  as 
well  as  a  greater  amount  of  the  structure.  The  nebulosity  does 
not  extend  appreciably  farther  from  Nova  than  in  the  earlier 
photograph,  however. 

Mr.  Joel  Stebbins,  Fellow  in  Astronomy,  assisted  in  obtain- 
ing the  photographs  with  the  Crossley  reflector. 

C.  D.  Perrine. 

Mount  Hamilton,California,  November  10,  1901. 

Postscript. —  It  is  a  pleasure  to  add  that  on  November  nth 
(the  day  following  the  announcement  of  the  above  discovery) 
confirmation  in  the  form  of  the  following  telegram  was  received 
through  Harvard  College  Observatory: — 

11  Ritchey  states  photograph  Yerkes,  November  9th,  confirms  large- 
motion  nebula  near  Nova." 


240  Publications  of  the 

Extract  from  a  Letter  from  Otto  Struve. 

[The  following  is  an  extract  from  a  letter  which  I  have 
recently  received  from  Otto  Struve.  It  is  of  interest,  in  giving 
his  latest  views  respecting  the  desirability  of  obtaining  the  sys- 
tematic corrections  of  double-star  measures  by  the  observation 
of  artificial  double  stars. — W.  J.  Hussey.] 

Karlsruhe,  1901,  October  27. 
Dear  Sir; — Accept  my  heartiest  and  sincerest  thanks  for  your 
observations  of  and  treatise  on!  the  Otto  Struve  stars,  which  you 
have  most  kindly  sent  to  me  in  volume  V  of  the  Publications  of 
the  Lick  Observatory.  The  consistent  and  rapid  execution  of 
the  work,  both  in  respect  to  making  the  observations  and  in  the 
collection  of  those  made  by  other  observers,  awakens  my  full 
astonishment.  I  have  read  your  introduction  through  carefully 
with  lively  interest,  and  I  thank  you  for  it.  What  you  have  said 
in  it  about  the  systematic  errors  in  my  measures  and  the  correc- 
tions for  the  same,  which  I  occupied  myself  so  long  to  ascer- 
tain, has  my  full  assent.  But  in  this  connection  it  has  occurred 
to  me  that  I  have  not  perhaps  expressed  myself  clearly  enough 
in  my  publications  on  this  subject  to  the  effect  that  I  myself  am 
of  the  opinion  that  the  correction  formulas,  which  are  given  by 
the  mean  results  of  the  many  years  of  effort  to  determine  the 
systematic  errors,  may  perhaps  not  be  equally  applicable  to 
all  periods  of  my  measures.  It  seems  to  me  probable  that 
my  measures  experienced  a  marked  inexplicable  change  not 
only  about  1843,  but  that  they  also  changed  more  or  less  at 
intervals  during  the  half-century  over  which  they  extend,  pos- 
sibly corresponding  to  physical  conditions.  The  existing  mate- 
rials—  the  measures  of  artificial  double  stars  —  are  unfortunately 
not  sufficient  to  trace  out  such  changes.  For  my  own  measures 
it  is  not  possible  to  obtain  this  certainty.  But  it  lies  near  to  my 
thoughts  to  call  the  attention  of  future  observers  to  such  changes 
and  to  recommend  them  to  follow  your  example,  to  limit  sharply 
the  programme  of  measures,  to  complete  it  in  the  shortest  possible 
time,  and  in  the  same  period  to  determine  also  the  systematic 
errors  by  the  measurement  of  artificial  double  stars. 

In  closing  this  letter  I  must  ask  your  pardon  that  in  answer- 
ing your  letter  I  make  use  of  my  mother-tongue,  the  German. 
Formerly  it  was  very  easy  for  me  to  write   English  and  to  speak 
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it,  but  now  it  would  be  a  severe  task  for  a  man  standing  in  his 
eighty-third  year. 

Receive,  dear  sir,  with  my  thanks  my  heartiest  wish  that  you 
may  be  permitted  to  enrich  astronomy  many  fold  through  similar 
works.  Otto  Struve. 

New  Double  Stars.  * 

For  somewhat  more  than  two  years  I  have  devoted  a  portion 
of  my  time  to  the  examination  of  large  numbers  of  stars  in  various 
parts  of  the  sky  for  the  purpose  of  detecting  hitherto  unknown 
double  stars.  This  search  has  resulted  in  the  discovery  of 
five  hundred  new  pairs,  having  distances  under  five  seconds  of 
arc.  These  new  pairs  are  being  announced,  a  hundred  at  a 
time,  as  rapidly  as  sets  of  measures  for  them  can  be  obtained. 
Observations  of  three  hundred  have  already  been  published,  and 
those  of  a  fourth  hundred  are  now  in  the  hands  of  the  printers. 

The  following  table  gives  the  classification  of  the  stars  with 
respect  to  the  distances  between  their  components: — 

istCat.     2d  Cat.     3d  Cat.     4th  Cat.       Total. 


0" 

.  25  or  less 

3 

9 

5 

13 

30 

0 

.26  to  o"-50 

12 

16 

12 

3° 

70 

0 

.51  to  1  .00 

24 

22 

20 

24 

90 

I 

.01  to  2  .00 

29 

26 

25 

18 

98 

2 

.01  or  more 

32 

27 

38 

15 

112 

According  to  this  table  72  per  cent,  of  these  four  hundred 
pairs  have  distances  not  exceeding  2";  48  per  cent,  not  exceed- 
ing 1";  and  25  per  cent,  not  exceeding  o"-5. 

I  have  endeavored  to  conduct  my  search  for  new  pairs  in  a 
systematic  manner,  and  in  the  end  it  is  hoped  that  the  work  will 
afford  considerable  data  concerning  the  distribution  of  the  close 
double  stars  in  various  parts  of  the  sky  and  of  their  numbers  in 
respect  to  magnitude  and  in  proportion  to  the  total  number  of 
stars  examined. 

In  examining  large  numbers  of  stars  with  high  powers  under 
good  atmospheric  conditions  in  various  parts  of  the  sky,  one  is 
impressed  with  the  fact  that  the  close  double  stars,  say  those 
having  distances  under  5",  are  not  distributed  over  the  celestial 
sphere  strictly  proportionally  to  the  number  of  stars  to  a  given 
magnitude,  say  9.1.  In  some  places  one  may  examine  all  the 
stars  to  this  magnitude  over  a  large  area  without  finding  any  new 


•  From  Lick  Observatory  Bulletin  No,  — . 


242  Publications  of  the 

pair  and  but  few  known  ones,  while  in  other  regions  the  double  stars 
are  comparatively  numerous.  This  probably  has  a  physical  sig- 
nificance. Apparently  the  conditions  which  determine  the  exis- 
tence or  non-existence  of  double  stars  in  given  directions  prevail 
throughout  spaces  of  enormous  extent.  W.  J.  Hussey. 

Publications  of  the  Lick  Observatory,  Vol.  V. 

Volume  V  of  the  Publications  of  the  Lick  Observatory  has 
recently  been  distributed.  The  volume  contains  the  micrometri- 
cal  observations  of  the  double  stars  discovered  at  Pulkowa,  better 
known,  perhaps,  as  the  02  stars,  made  by  Astronomer  W.  J. 
Hussey  with  the  36-inch  and  12-inch  refractors  of  this  Observa- 
tory since  the  beginning  of  1898,  together  with  the  mean  results 
of  the  previous  observations  of  these  stars. 

In  all,  547  stars  were  observed,  requiring  2,109  measures, 
not  counting  65  examinations  of  stars  found  single.  In  the 
course  of  these  observations,  Professor  Hussey  found  new  com- 
panions to  the  stars  02190,  02  247,  02  283,  02  351,  and 
02  476.  By  the  discovery  of  the  new  companions  to  02  35 1 
and  02476,  these  stars  become  the  closest  visual  triples  at  pres- 
ent known. 

The  introduction  states  the  motive  of  the  work,  describes 
briefly  the  instruments  used  and  the  methods  of  observing,  and 
gives  a  general  account  of  Otto  Struve's  discoveries  and 
measures,  and  his  efforts  to  eliminate  the  systematic  errors 
known  to  exist  in  his  work. 

In  connection  with  the  collected  measures  of  each  star,  Pro- 
fessor Hussey  gives  such  discussion  of  the  character  of  the  star's 
motion  as  is  warranted  by  the  existing  material,  and  complete 
references  to  the  original  sources  of  the  observations. 

The  stars  are  arranged  in  the  order  of  their  numbers  in  the 
body  of  the  work,  and  a  catalogue  is  appended  giving  them  in 
the  order  of  Right  Ascension. 

The  volume  gives  practically  a  complete  history  to  date  of  the 
Otto  Struve  stars,  and  in  a  form  that  will,  it  is  thought,  prove 
exceedingly  convenient  and  valuable  to  all  who  are  interested  in 
the  subject  of  double  stars. 

The  volumes  addressed  to  our  foreign  correspondents  have 
been  distributed  through  the  kind  offices  of  the  Smithsonian  In- 
stitution, and  will  reach  their  destinations  in  due  time. 

W.  W.  Campbell. 
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Duplicity  of  the  Principal  Component  of  £986. 

In  measuring  ft  986  with  the  36-inch  telescope  in  September 
of  the  present  year,  I  noticed  that  the  brighter  star  is  a  very 
close  double.  I  secured  measures  of  it,  and  of  the  fi  pair  on 
three  nights,  as  follows  : — 

A  and  B   (new)    9.0  —  9.0 
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There  are  but  two  other  sets  of  measures  of  the  fi  pair,  one 
by  Burnham,  with  the  i8j^-inch  telescope  of  the  Dearborn 
Observatory,  and  the  other  by  Wilson,  with  the  15-inch  telescope 
of  the  Carleton  College  Observatory.  The  new  pair,  at  the 
present  distance,  would  be  exceedingly  difficult  to  see  with  either 
of  these  instruments.  R.  G.  Aitken. 

November  14,  1901. 

"The  Stars:  A  Study  of  the  Universe. M  * 

Professor  Simon  Newcomb  has  just  published  a  volume  of 
extraordinary  interest,  both  to  the  professional  astronomer  and 
to  the  general  reader,  under  the  above  title.  Some  portions  of 
the  book  have  been  published  in  the  Popular  Science  Monthly 
for  1900  and  1901,  but  the  gaps  in  the  magazine  series  have  been 
filled  in  to  make  a  complete  treatise. 

It  is  plain  that  no  greater  subject  exists  than  that  of  the  stars, 
their  history,  and  their  present  distribution  throughout  space, 
and  it  is  a  most  fortunate  circumstance  that  the  greatest  living 
astronomer  has  undertaken  to  treat  this  subject,. 

It  is  planned  that  a  review  of  the  book  shall  appear  in  the 
next  number  of  these  Publications.  W.  W.  Campbell. 


*  Octavo,  333  +  x  pp.    New  York:  G.  P.  Putnam's  Sons.    London:  John  Murray. 
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Astronomical  Telegrams. 

Mt.  Hamilton,  Cal.,  November  10,  1901 . 
Professor  E.  C  Pickering,  (Sent  11:45  a. m.) 

Harvard  College  Observatory, 
Cambridge,  Mass. 
From  Crossley  photograph  Perrine  finds  that  four  principal 
condensations  of  the  faint   nebula    surrounding   Nova    Persei 
moved  southeast  one  minute  of  arc  in  six  weeks. 

(Signed)        W.  W.  Campbell. 

Cambridge,  Mass.,  November  11,  1901. 
Professor  W.  W.  Campbell,  (Received  5:20  p.m.) 

Lick  Observatory,  Cal. 
Ritchey  states  a  photograph  taken  at  the  Yerkes  Observa- 
tory on  November  9th  confirms  the  large  motion  of  nebula  near 
Nova  Persei.  (Signed)        E.  C.  Pickering. 

Boston,  Mass.,  November  13,  1901. 
To  Lick  Observatory,  (Received  9:30  a.m.) 

Mt.  Hamilton,  Cal. 
Hale  telegraphs  that  Ritchey  finds  Nova  Persei  nebula 
probably  expanding  in  all  directions.     Certainly  in  southern  half. 

(Signed)        John  Ritchie,  Jr. 


Dr.  W.  W.  Campbell,  Director  of  the  Lick  Observatory, 
was  elected  Foreign  Associate  of  the  Royal  Astronomical 
Society,  at  the  meeting  held  in  London  on  November  9th. 


GENERAL    NOTES 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  carrying  out  the  work  of  this  department,  Communications  of  general  interest  will  be 
gladlv  received,  and  may  be  sent  to  Sidney  IX  Townlev,  1033  Bancroft  Way,  Berkeley, 
California. 


Mr.  Frank  B.    Littell  has  been  appointed    Professor  of 
Mathematics  in  the  United  States  Navy. 


The  Board  of  Visitors  of  the  United  States  Naval  Observatory 
has  made  a  report  to  Secretary  Long,  and  the  following  extracts 
are  taken  from  newspaper  accounts  of  the  report : — 

*'  It  is  recommended  that  no  Astro  mimical  Director  be  appointed  at 
present,  as  a  dual  headship  has  been  found  to  work  unsatisfactorily,  and 
under  the  existing  law  the  appointment  of  an  astronomer  as  sole  director 
of  the  observatory  —  which  the  board  considers  the  proper  solution  of 
the  question —is  impracticable*  Vacancies  should  not  be  filled  among 
assistant  astronomers  nor  among  professors  of  mathematics  In  the  navy 
without  examination  for  each  vacancy  occurring.  No  distinction  should 
be  made  between  employees  of  the  observatory  and  other  applicants. 
The  responsibilities  of  the  positions  of  assistant  astronomer  and  pro- 
fessor of  mathematics  are  distinctly  different  from  those  of  a  computer, 
although  much  of  the  required  experience  may  properly  be  maintained 
in  connection  with  the  latter  position  and  be  credited  in  the  examina- 
tions for  the  higher  positions.  As  far  as  is  consistent  with  the  routine 
needs  of  the  institution,  the  duties  of  the  computers  should  be  so 
arranged  as  to  encourage  them  to  prepare  for  advancement  within  the 
observatory  itself.  In  no  case  should  appointments  be  made  to  the  ob- 
servatory merely  by  transfer  from  other  bureaus  or  ofTices  in  the 
service,  nor  should  appointments  be  made*  even  temporarily,  without 
competitive  examinations. 

M  As  every  other  prominent  observatory  is  under  the  direction  of  an 
astronomer,  it  is  our  judgment  that  the  law  limiting  the  superin  tendency  to 
a  line  officer  of  the  navy  should  be  changed  so  as  to  provide  that  the 
official  head  of  the  observatory  —  perhaps  styled  simply  *  The  Director  * — 
should  be  an  eminent  astronomer,  appointed  by  the  President,  by  and 
with  the  advice  and  consent  of  the  Senate,  holding  this  place  by  a  tenure 
at  least  as  permanent  as  that  of  the  Superintendent  of  the  Coast  Survey 
or  the  head  of  the  Geological  Survey,  and  not  merely  by  a  detail  of  two 
or  three  years1  duration.  Only  in  this  way  can  there  be  a  continuous 
and  effective  policy  of  administration  which  will  assure  astronomical 
work  of  a  high  order.  In  rank,  salary,  privilege,  and  prestige  he  should 
be  superior  to  any  officer  on  the  ground. 

11  The  limitation  in  the  selection  of  assistants  should  also  be  removed, 
and  the  assistant  once  appointed  should  be  secure  against  detachment  or 
removal,  except  by  the  action,  for  cause,  of  the  Director. 

"  The  institution  should  be  related  to  the  Navy  Department,  if  con- 
tinued under  its  control,  in  some  such  way  as  the  Royal  Observatory  at 
Greenwich  is  related  to  the  British  Admiralty*     It  should  be  put  under 
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the  control  of  the  Secretary  direct,  and  not  through  a  bureau  as  at 
present."  

Mr.  J.  L.  E.  Dreyer,  of  Armagh,  Ireland,  has  called  our 
attention  to  an  error  in  these  Publications \  No.  79,  page  130, 
concerning  the  brightness  of  Tycho's  star  when  first  seen  by 
him.  By  way  of  correction  we  reprint  a  letter  of  Mr.  Dreyer' s, 
published  in  the  April  number  of  The  Observatory^  page  166: — 

"  In  the  article  on '  Temporary  Stars,'  in  your  March  number  ( p.  126), 
you  say  that  'Tycho's  star,  in  1572,  was  first  seen  as  bright  as  Jupiter, 
and  quickly  increased,  so  that  it  became  equal  to  Venus.*  Allow  me  to 
point  out  that  the  star,  when  first  seen  by  Tycho,  was  brighter  than 
Jupiter  at  minimum  distance,  and  was  as  nearly  as  possible  equal  to 
Venus  at  its  maximum  brightness.  The  few  observers  who  saw  it  some 
days  earlier  than  Tycho  did  not  say  anything  about  its  magnitude. 

*'  The  erroneous  statement  that  the  star  was  at  first  only  equal  to 
Jupiter  appears  in  a  few  modern  books  (even  in  Young's  'General 
Astronomy '),  and  has  probably  originally  arisen  through  careless  read- 
ing of  Tycho's  own  words.  As  some  hypothesis  or  theory  about  the 
nature  of  these  bodies  may  some  day  be  founded  on  the  alleged  slow 
increase  of  Tycho's  star,  it  may  be  well  to  point  out  the  mistake.  I 
have  given  a  full  review  of  the  literature  on  this  star  in  my  '  Tycho  Brahe,' 
chapters  3  and  8. 

"  Whether  really  'Tycho's  star  remains  in  the  heavens,  a  shadow  of 
its  former  greatness,'  is  somewhat  uncertain.  No  doubt  there  is  a  small 
star  within  a  minute  of  arc  of  the  most  probable  place  of  the  Nova,  but 
it  is  obvious  that  we  cannot  be  sure  of  the  identity  of  the  two." 


Mr.  Andrew  Greig  has  kindly  sent  the  following  account 
from  the  Cape  Argus,  of  the  presentation  of  a  new  telescope 
to  the  Royal  Observatory,  Cape  of  Good  Hope: — 

44  Few  events  have  ever  taken  place  in  the  southern  hemisphere  of 
greater  direct  scientific  significance  than  that  which  was  the  occasion  on 
the  26th  of  September  last,  of  the  delightful  function  at  the  Royal  Ob- 
servatory. This  was  the  unveiling  by  his  Excellency  the  Governor  of 
the  inscription-stone  of  the  new  Victoria  telescope,  which  has  been  pre- 
sented to  the  Observatory  by  Mr.  Frank  McClean,  LL.  D.,  F.  R.  S. 
The  large  telescope  is  mounted  in  a  circular  room  surmounted  by  a 
movable  dome.  This  dome  is  in  sliding  sections,  thus  admitting  of  the 
telescope  being  pointed  in  a  few  seconds  to  any  quarter  of  the  sky;  and 
nothing  has  been  left  undone  to  make  the  building  and  telescope  a 
worthy  memorial  to  her  late  Majesty.  Suitable  smaller  rooms  are  pro- 
vided in  the  building  for  the  various  operations  necessary  in  connection 
with  the  work  of  examining,  comparing,  and  photographing  the  spectra 
of  luminous  celestial  bodies.  The  adjuncts  and  fittings  throughout  the 
whole  building  are  of  the  most  approved  type,  and  are  thoroughly  in 
accordance  with  the  munificence  of  their  donor.    The  principal  speech 
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was  made  by  Sir  David  Gill,  H.  M.  Astronomer,  who  delivered  an 
interesting  address  on  the  old  and  the  new  astronomy,  and  narrated  the 
circumstances  under  which  Mr.  Mc Clean  had  presented  '  The  Victoria 
Telescope1  to  the  Cape  Observatory.'* 


Nova  Perse/. —  Since  the  middle  of  July  the  brightness  of  the 
new  star  in  Perseus  has  remained  constant  at  about  6%  magni- 
tude. Astronomers  are  still  interested  in  the  wonderful  object, 
and  the  observations  and  investigations  of  the  last  few  months 
have  brought  out  some  interesting  facts. 

Light  Curve. —  Under  date  of  June  5th,  Rev.  Father  Hagen, 
of  the  Georgetown  College  Observatory,  published  a  discussion 
of  all  the  observations  of  brightness  made  between  February  2  2d 
and  May  1st.  The  observations  were  divided  into  various 
classes  and  plotted  on  a  large  scale.  The  resulting  light-curve 
confirms  in  general  that  deduced  by  the  writer  from  his  own 
observations  and  published  in  number  79  of  these  Publications. 
The  conclusions  reached  by  Hagen  are  as  follows: — 

11  As  to  the  shape  of  the  light-curve,  besides  the  general  decline  of 
magnitude  from  the  first  to  the  sixth,  there  are  three  minima,— March 
19th,  22d,  25th,— which  seem  to  be  established  beyond  doubt,  while  later 
ones  for  March  28th,  April  2d  or  3d,  6th  or  7th,  and  10th  or  nth,  are 
indicated  with  great  probability.  Four  more  minima  seen  to  have  oc- 
curred until  the  beginning  of  May,  which,  however,  could  not  be  located 
exactly  on  account  of  the  scarcity  of  the  available  observations.  Previous 
to  March  19th  the  minimum  of  the  16th  seems  to  be  real,  and  perhaps 
four  or  five  more,  preceding  each  other  in  periods  of  a  little  over  two  days. 

44  The  apparent  small  oscillations  from  March  3d  backward  to  Feb- 
ruary 24th  may  be  the  effect  of  systematic  differences  between  the  obser- 
vations. The  period  of  oscillation  is  about  one  day,  and  the  same  ob- 
servers are  generally  represented  in  the  same  phase.  Should  additional 
publications  prove  them  to  be  real,  then  the  general  character  of  this 
light- curve  would  exhibit  a  harmonic  change  of  brightness  of  the  Nova 
with  a  period  gradually  lengthening  from  one  day  to  four  and  a  half  or 
five  days." 

Dr.  Wilson,  of  the  Goodsell  Observatory,  has  taken  up  also 
the  investigation  of  the  light-curve  of  Nova  Perseit  and  two 
installments  of  a  continued  series  of  articles  on  the  subject  have 
appeared  in  the  October  and  November  numbers  of  Popular 
Astronomy.  All  the  published  observations  have  been  collected, 
classified,  discussed,  and  plotted,  and  the  resulting  curve,  cover- 
ing the  period  from  time  of  discovery  to  April  25th,  has  been 
published  as  a  frontispiece  in  the  November  number.  We  give 
below  a  tabulation  of  the  maxima  and  minima  as  read  from  the 
three  curves  mentioned: — 
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Maxima. 

Minima. 

Hagbn. 

Wilson. 

TOWNLBY. 

Hagbn. 

Wilson. 

TOWNLBY. 

Mar.  124 

Mar.  12.5 

18.1 

Mar.  13.4 

Mar.  115 

18.0 

Mar.  14.5 

16.3 

Mar.  16.5 

fi«.7l 

19.3 

19  4 

I20.9] 

23.6 

20.7 

223 

22.1 

23.0 

[23-4] 

25.5 

a  m 

25-4 

27.0 

27.0 

27.0 

29.0 

29.2 

31-4 

3«-3 

r3i-* 

Apr.     3.0 

Apr.     3.2 

Apr.     2.7 

Apr.    48 

Apr.     4-7 

Apr.  [  48] 

7*2 

7.2 

r6^ 

9.0 

9.0 

108 

11.3 

[11.2] 

[•2.5] 

Hi 

16.0 

i<M 

15.7 

18.4 

18.2 

21.3 

21.3 

20.9 

23.3 

23-4 

%l 

25.7 

26.2 

27.7 

305 

The  maximum  of  April  12th  cannot  be  read  accurately  from 
Hagen's  chart.  The  values  in  brackets  have  few  or  no  observa- 
tions to  support  them. 

The  above  tabulation  shows  conclusively  that  the  period  of  the 
star  lengthened  during  the  latter  part  of  March  and  during  April. 
Subsequent  observations  show  that  the  period  continued  to 
lengthen  with  a  decreasing  range,  until  it  finally  died  out  about 
the  middle  of  July.  Since  then  the  brightness  has  been  practi- 
cally constant  at  about  6j4  magnitude. 

Spectrum, —  The  spectroscope  has  provided  much  interesting 
material.  During  the  spring  months  the  spectrum  was  quite 
similar  to  that  of  Nova  Aurigce  during  the  early  months  of  its 
appearance.  Bright  and  dark  lines  were  both  present  and  many 
changes  have  been  recorded.  That  these  changes  in  the  spec- 
trum were  connected  with  the  observed  variations  in  brightness 
seem  very  probable,  but  most  of  the  spectroscopic  observations 
are  too  scattering  to  be  of  much  use  in  comparing  the  changes 
with  those  of  the  star's  brightness. 

E.  von  Gothard,  however,  has  published  in  Asironomische 
Nachrichten,  No.  3713,  under  the  title  of  "  Periodische  Veran- 
derungen  in  Spectrum  der  Nova  Persei,"  some  results  of  par- 
ticular interest.  His  observations  yielded  two  types  of  spectra, 
one  in  which  the  continuous  spectrum  was  very  strong,  and  the 
other  in  which  the  continuous  spectrum  was  weak  and  several 
bright  lines  were  very  prominent.  He  calls  this  latter  a  "gas 
spectrum.' '  The  first  type  of  spectrum  was  seen  very  clearly  on 
March  31st,  April  8th,  18th,  27th,  and  the  second  type  on  April 
6th,  nth,  21st,  22d,  25th,  29th.  A  comparison  of  these  dates 
with  those  of  the  table  above  show  that  the  dates  of  the  first  type 
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of  spectrum  coincide  with  the  maxima  of  brightness  and  those  of 
the  second  type  with  the  minima.  I  wish  to  acknowledge  that 
Mr.  Ralph  H.  Curtiss,  Fellow  of  the  Lick  Observatory,  first 
called  my  attention  to  von  Gothard's  article  and  the  coin- 
cidences noted  above. 

During  June  the  spectrum  changed  gradually  to  that  of  a 
planetary  nebula. 

Motion  in  the  line  of  sight. —  The  observations  of  Campbell 
and  Wright  at  the  Lick  Observatory,  show  that  the  Nova  has 
a  small  and  practically  constant  motion  in  the  line  of  sight.  There 
is  no  indication  of  orbital  motion. 

Photographs. —  Negatives  taken  by  Dr.  Wolf  at  Heidelberg, 
Mr.  Ritchey,  of  the  Yerkes  Observatory,  and  Mr.  Perrine, 
of  the  Lick  Observatory,  show  the  presence  of  a  faint  nebu- 
losity in  the  neighborhood  of  the  new  star.  According  to  reports 
from  the  two  observatories  mentioned  above,  most  remarkable 
changes  have  taken  place  in  the  nebulosity  during  the  last  few 
weeks. 

The  Lick  Observatory  reports  a  southeasterly  motion  of  the 
nebula  amounting  to  one  minute  of  arc  in  six  weeks.  If  we 
assume  that  the  nebula  is  at  the  distance  of  a  star,  the  parallax 
of  which  is  o".25,  then  the  velocity  of  the  nebula  in  a  direction 
perpendicular  to  the  line  of  sight  amounts  to  the  astounding 
amount  of  7,000  miles  per  second.  The  body  cannot  belong  to 
the  solar  system,  for  at  the  time  of  the  year  that  these  photo- 
graphs were  taken  its  motion  should  have  been  retrograde  — 
westerly  instead  of  easterly. 

Theories. —  In  a  note  to  an  article,  "The  Light-Curve  of 
Aova  PerseiJ*  printed  in  number  79  of  these  Publications,  I  sug- 
gested a  modification  of  the  tide  theory  as  a  possible  explanation 
of  the  phenomena  connected  with  this  star.  The  spectroscopic 
observations  of  von  Gothard  are  easily  explained  under  this 
theory.  As  the  disturbing  body  approaches,  the  enshrouding 
vapor  could  be  pulled  to  one  side,  which  would  give  a  maximum 
of  light  and  a  strong  continuous  spectrum.  As  the  vapors  moved 
into  the  line  of  sight  of  the  observer  a  minimum  of  brightness 
would  result  and  the  continuous  spectrum  would  be  largely 
reduced,  and  the  bright-line  spectrum  of  the  incandescent  vapors 
would  form  the  most  prominent  feature. 

It  is  impossible  to  state  just  what  the  tidal  effects  upon  the 
vapors  would  be;  but  if  we  assume  that  the  effect  would  be  very 
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small,  the  observed  phenomena  could  still  be  explained  under 
this  theory  if  the  height  of  the  wave  in  the  liquid  were  com- 
parable with  the  depth  of  the  denser  enshrouding  vapors. 
Under  such  conditions  the  maximum  would  be  sharp  and  well 
defined,  while  the  minimum  would  be  longer  and  poorly  defined. 
The  plotted  light-curves  show  a  decided  tendency  of  this  nature. 
This  theory  is  in  its  main  features  the  same  as  that  suggested  by 
Dr.  Huggins  several  years  ago.  I  had  expected  ere  this  to  sub- 
ject the  theory  to  a  more  rigid  analysis,  but  a  pressure  of  other 
duties  has  prevented  me  from  doing  so.  I  hope  soon,  though, 
to  discuss  more  critically  several  of  the  more  important  theories 
that  have  been  advanced  for  the  explanation  of  temporary  stars. 
The  most  obvious  objection  to  the  one  mentioned  above  is  that 
it  does  not  satisfactorily  explain  the  change  of  the  spectrum  to 
that  of  a  planetary  nebula.  The  presence  of  a  nebula  about  the 
star  would  seem  to  give  strength  to  Seeliger's  theory. 

Professor  T.  C.  Chamberlin,  of  the  University  of  Chicago, 
published  in  the  July  number  of  the  Astrophysical  Journal,  under 
the  title  "  On  a  Possible  Function  of  Diruptive  Approach  in  the 
Formation  of  Meteorites,  Comets,  and  Nebulae,"  some  inter- 
esting investigations  along  lines  similar  to  those  discussed  above. 

S.  D.  T. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  in  the   rooms  of  the  society,  novem- 
ber 30,  i90i,  at  7:30  p.m. 

Mr.  Dolbeer  presided.  A  quorum  was  present.  The  minutes 
of  the  last  meeting  were  approved.  The  following;  members  were  duly 
elected:— 

List  of  Members  Elected  November  30,  1901. 

Mrs.  Addib  L.  Ballou  .  .....  {  *»"  %j.IX70   ***"*   *"**' 

Field    Memorial   Observatory.  {  Wl$££  College,  Williamstown, 
Prof.  Chas.  S.  Howe {  Case^  Observatory,    Cleveland, 


Prof.  Edgar  L.  Larkin {     tory  Echo  Mountaint  Cal. 


1  Director  Mount  Lowe  Observa- 
tory, Echo  Mountain,  Cal- 

*'•  *«■  R—     )AS|lStUorrawMe^HS,FOrt 

Prof.  H.  C    T.llman j  "5^!%^   ,he    Pacific>    San 

Mr.  Str6yberg  was  elected  to  life  membership. 
Adjourned. 


Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,  held  in  the  Rooms  of  the  Society, 

November  30,  1901,  at  8  o'clock  p.  m. 

President  Dolbeer  presided.  The  minutes  of  the  last  meeting 
were  approved. 

The  Secretary  read  the  names  of  new  members  elected  at  the 
Directors'  meeting. 

The  following  papers  were  presented: — 

1.  The  Lick  Observatory-Crocker  Expedition  to  ob-  \ 

serve  the  Total  Solar  Eclipse  of  May  17-18,  1901.  \  Lecture  by  C  D.  Perrine. 

2.  Motion  in  the  Nebula  surrounding  Nova  Persei.         ) 

3.  The  U.  S.  Naval  Observatory  Eclipse  Expedition  to  Sumatra,  by  H.  D.  Curtis. 

4.  Planetary  Phenomena  for  January  and  February,  190a,  by  Malcolm  McNeill. 

5.  Observations  of  the  Variable  Stars  W  Lyr<e  and  C/j  Cygni,  by  Rose  O'Hallokan. 

Mr.  Perr ink's  lecture,  illustrated  by  lantern-slides,  was  given  in  the 
lecture  hall  of  the  Academy  of  Sciences  on  Friday  evening,  Novem- 
ber 29th. 
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Mr.  W.  H.  S.  Monck.  f.r.as.     .    .   .    {  l6I^°rt  ^'^    DubHn' 
Mr.  Fremont  Morse,  u  s.c.  &g. survey  .  P.  O.  Box  2512.  S.  F.,  Cal. 
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Mr.  Carl  Ramus j     Fort  St|nton    New  Mexico 

Mr.  M.  Reiman j  "g^ffi    B°UleVard'   Chi" 

Rev.  J.  L.  Ricard,  s.j Santa  Clara,  Cal. 
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A    METHOD     FOR    DETERMINING    THE     SCREW- 
ERRORS    OF    A    ZENITH-TELESCOPE. 


By  Frank  Schlhsingkr. 


The  zenith-telescopes  in  use  at  the  four  principal  stations  of  the 
International  Geodetic  Association  for  Observing  Variations  in 
Latitudes  are  each  accompanied  by  a  double  meridian-mark.  By 
means  of  these,  the  adjustment  of  the  azimuth-stops  becomes  a 
very  simple  matter  and  may  be  effected  every  night  if  necessary. 
In  order  to  focus  upon  the  marks,  an  auxiliary  lens  has  been 
placed  between  the  objective  and  ocular,  and  as  near  the  latter  as 
possible.  This  lens  can  be  shunted  into  the  optical  axis  when- 
ever the  meridian-marks  are  to  be  viewed;  at  other  times  it  rests 
well  to  one  side  of  the  axis.  This  arrangement  has  suggested  a 
method  for  examining  the  micrometer -screw,  which  has  been 
tried  at  Ukiah  with  satisfactory  results. 

In  the  present  case  the  meridian-marks  are  55.5  meters  (182 
feet)  north  of  the  telescope;  upon  the  small  structure  which  serves 
to  shelter  them  was  fastened  a  vertical  scale  divided  into  seven 
nearly  equal  spaces.  Each  of  these  spaces  was  of  such  a  length  as 
to  correspond  approximately  to  one  revolution  of  the  micrometer- 
screw  when  the  auxiliary  lens  was  in  position.  The  total  length 
of  the  scale  was  actually  130°"" ',  each  space  being  about  i8.5B,m. 
It  is  not  necessary  in  the  method  to  be  described  that  the  scale 
be  accurately  divided.  It  was  found  that  an  entirely  adequate 
scale  could  be  ruled  on  drawing-paper  with  india-ink,  like  the  one 
shown  in  the  accompanying  sketch.  The  division-marks  were 
made  double,  and  could  be  nicely  bisected  by  the  single  thread 
of  the  micrometer.  The  screw  has  an  effective  length  of  twenty- 
eight  revolutions.  As  it  would  be  impractical  to  examine  the 
whole  screw  at  once,  it  was  divided  into  four  equal  portions,  and 
each  of  these  was  investigated  separately.  The  method  used  to 
do  this  is  an  adaptation  of  that  developed  by  Gill,  Lorentzen, 
and  others.  A  clear  account  of  this  method  is  given  by  Professor 
Harold  Jacoby  in  the  American  Journal  of  Science  for  May, 
1896. 

The  micrometer  having  been  set  at  about  iR.o,  the  telescope 
was  pointed  so  that  the  micrometer  thread  coincided  as  nearly  as 
possible  with  Division  VII  of  the  scale.     Readings  were  made 


Astronomical  Society  of  the  Pacific. 


13 


m^^      upon  this  division,  and  also  upon  Division  VIII, 

^™"      care  being  taken  not  to  move  the  telescope  between 

the  two  sets.     The  micrometer  having  been  set 

U  22S      ^ack  to  iR.o,  the  telescope  was  pointed  at  Division 

VI.  Readings  were  then  taken  on  Divisions  VI, 

VII,  and  VIII.  In  this  way  the  operations  were 
continued  until  each  space  of  the  scale  had  been 
measured  with  each  turn  of  the  micrometer  from 
iR.o  to  8R.o.  These  measures  furnish  data  from 
which  the  errors  of  both  screw  and  scale  can  easily 
be  computed.  The  three  other  parts  of  the  screw 
were  treated  in  an  entirely  similar  manner;  so  that 
it  only  remained  to  determine  the  errors  at  8R,  15*, 
and  22R.  This  was  done  by  measuring  the  total 
length  of  the  scale  with  the  four  parts  of  the  screw 
in  succession.  Throughout  the  work  all  operations 
were  immediately  repeated  in  reverse  order,  to 
provide  as  far  as  possible  against  changes  in  the 
telescope,  in  the  observer,  or  in  the  scale. 

Such  an  investigation  as  has  been  described 
was  made  at  Ukiah  and  repeated  until  at  least  four 
determinations'  of  each  screw-error  had  been  obtained.  A  com- 
parison of  the  separate  results  gives  only  o".025  for  the  probable 
error  of  a  single  determination.  I  give  below  a  list  of  the  defini- 
tive corrections.  It  will  be  noticed  that  they  are  small  and  that 
they  run  very  smoothly,  there  being  no  abrupt  change  except 
at  the  extreme  end  of  the  screw.  The  units  are  hundredths  of 
a  second: — 


VII 


VIII 


R. 

Corr. 

R. 

Corr. 

R. 

Corr. 

R. 

Corr. 

I    . 

.  .    —  I 

8  . 

..+4 

15    ■• 

+  2 

22   . 

•+    3 

2    . 

O 

9  • 

•+4 

16    .. 

—  2 

23    • 

•  -    3 

3    • 

•  •  -5 

10  . 

+  5 

17    .. 

—  I 

24   • 

•  —    4 

4  • 

..  -4 

11  . 

•+5 

18    .. 

—  2 

25    • 

.  -    8 

5  • 

..  -4 

12  . 

•+4 

19    .. 

—  2 

26   . 

..  —    8 

6  . 

..  —3 

13  • 

..+2 

20   .  . 

—  2 

27    • 

-    5 

7  • 

..  +1 

14 

•+* 

21    .  . 

+  2 

28  . 

29  • 

•+    4 
•  +12 

If  it  be  desired  to  use  this  method  for  determining  the  periodic 
as  well  as  the  progressive  errors,  a  scale  should  be  used  whose 
total  length  corresponds  to  one  turn  of  the  screw  and  which  is 
divided  into  four  or  five  equal  parts. 


14  Publications  of  the 

The  auxiliary  lens  is  not:  strictly  necessary,  as  ine  vertical 
scale  may  be  brought  into  locus  by  drawing  out  the  ocular.  In 
this  case,  however,  it  is  not  advisable  to  examine  the  screw  con- 
currently with  the  latitude-observations,  as  the  constants  of  the 
instrument  are  liable  to  disturbance. 

The  method  which  has  been  almost  exclusively  employed  for 
determining  the  screw-errors  of  a  zenith-telescope  is  that  afforded 
by  elongations  of  close  circumpolar  stars.  The  weak  point  in 
this  method  is  the  dependence  upon  the  latitude-levels,  A  com- 
plete elongation  of  Polaris  or  of  X  Ursa,  Minoris  occupies  more 
than  an  hour  for  a  telescope  with  a  field  of  twenty  minutes  of  arc 
Latitude-levels,  even  under  favorable  circumstances,  cannot  be 
depended  upon  to  maintain  a  constant  angle  with  the  telescope 
for  so  long  a  time.  Moreover,  during  an  elongation  the  observer 
must  remain  at  one  end  of  the  levels  — just  the  position  in  which 
the  heat  from  his  body  is  likely  to  warp  them.  It  is  this  circum- 
stance probably,  to  which  are  due  the  inaccurate  results  some- 
times obtained  by  the  method  of  elongations. 

In  his  * '  Ankitung  zum  Gebrauche  des  Zenittekskops  "  (Berlin, 
1899),  Doctor  Albrecht  has  recommended  die  use  of  an  auxil- 
iary micrometer,  to  be  fixed  at  the  eye-end  of  the  telescope.  The 
errors  of  both  screws  can  thus  be  determined  simultaneously.  In 
this  method  the  optical  system  during  the  examination  of  the 
screw  is  entirely  different  from  that  used  for  the  latitude  observa- 
tions, and  slight  systematic  errors  may  creep  in.  This  objection 
also  applies,  but  in  a  lesser  degree,  to  the  method  of  this  paper. 
The  latter  has  the  additional  advantages  of  greater  convenience 
and  in  requiring  practically  no  auxiliary  apparatus. 

International  Latitude  Observatory, 
Ukiah,  California,  19  November,  1901. 


PLANETARY     PHENOMENA     FOR    MARCH    AND 
APRIL,     1902. 


By  Malcolm  McNeill. 


March. 

The  Sun  crosses  the  equator  from  south  to  north  on  March 
21st,  5  a.m.,  Pacific  standard  time. 

Mercury  is  a  morning  star,  and  conies  to  greatest  west  elonga- 
tion on  March  17th.     Although  its  distance  from  the  Sun  at  this 
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time  is  280  nearly,  io°  more  than  it  was  at  the  east  elongation  in 
February,  the  planet  is  so  far  south  of  the  Sun  that  the  conditions 
for  visibility  are  not  very  good.  However,  for  the  first  twenty 
days  of  the  month  it  rises  about  an  hour  before  sunrise,  and  may 
be  seen,  if  the  weather  conditions  are  exceptionally  good,  in  the 
morning  twilight. 

Venus  passed  inferior  conjunction  on  February  14th,  and 
moves  rapidly  away  from  the  Sun,  so  that  by  March  1st  it  rises 
about  an  hour  and  a  half  before  sunrise.  It  ceases  to  move  west- 
ward among  the  stars,  and  begins  its  longer  eastward  motion  on 
March  6th;  so  its  rate  of  recession  from  the  Sun  diminishes  rapidly. 
At  the  end  of  the  month  it  rises  about  two  hours  before  sunrise. 
It  will  be  very  bright  throughout  the  month,  and  will  be  at  max- 
imum brilliancy  on  March  21st.  At  this  time  it  is  about  half-way 
between  inferior  conjunction  and  greatest  elongation. 

Mars  is  very  near  the  Sun  throughout  the  month,  and  on 
March  29th  is  in  superior  conjunction,  becoming  a  morning  star. 
Owing  to  the  eccentricity  of  its  orbit,  this  time  of  conjunction  does 
not  coincide  with  the  time  of  maximum  distance  from  the  Earth. 
This  does  not  occur  until  the  latter  part  of  May.  The  planet  is 
about  at  its  faintest,  and  will  not  brighten  up  much  for  several 
months. 

Jupiter  is  getting  far  enough  west  of  the  Sun  to  be  seen  in  the 
morning  twilight.  Its  time  of  rising  on  March  1st  is  about  the 
same  as  that  of  Venus,  but  it  is  considerably  farther  south.  It 
moves  about  6°  eastward  in  the  constellation  Capricorn. 

Saturn  rises  nearly  an  hour  before  Jupiter,  and  its  distance 
from  the  latter  increases  from  n°  to  150  during  the  month.  It 
moves  about  2°  eastward  in  the  region  between  Sagittarius  and 
Capricorn. 

Uranus  rises  not  long  after  midnight.  It  is  in  the  lower 
extension  of  Ophiuchus,  between  Scorpio  and  Sagittarius. 

Neptune  is  in  the  extreme  western  part  of  Gemini,  and  is  above 
the  horizon  until  after  midnight. 

April. 

There  will  be  two  eclipses  during  April,  neither  of  them  visible 
in  the  United  States. 

The  first  is  a  partial  eclipse  of  the  Sun  on  April  8th,  visible 
only  in  the  northern  parts  of  America  and  Asia.  The  maximum 
obscuration  of  the  Sun  will  be  only  .06  of  its  diameter. 


"  -»    ■"* Ir^T'lr^rF^^SESapp^ ^ 


16  Publications  of  the 

The  second  is  a  total  eclipse  of  the  Moon  on  April  22d,  not 
visible  in  the  western  hemisphere. 

Mercury  is  a  morning  star  until  April  28th.  It  then  passes 
superior  conjunction,  and  becomes  an  evening  star,  but  throughout 
the  month  remains  too  near  the  Sun  to  be  seen  with  the  naked  eye. 
-  Venus  is  still  the  most  conspicuous  object  in  the  morning  sky. 
It  rises  about  two  hours  before  the  Sun  throughout  the  month. 
It  comes  to  its  greatest  west  elongation,  460,  on  April  25th.  The 
interval  between  rising  of  the  Sun  and  planet  is  much  shorter  than 
it  usually  is  at  time  of  greatest  elongation,  on  account  of  the  fact 
that  Venus  is  far  south  of  the  Sun  at  the  time. 

Mars  is  entirely  too  near  the  Sun  and  too  faint  to  be  seen 
during  April  It  is  in  the  morning  sky,  but  by  the  end  of  the 
month  it  is  only  6°  west  of  the  Sun,  and  rises  less  than  twenty 
minutes  earlier. 

Jupiter  by  the  end  of  April  rises  at  about  half  after  one  o'clock, 
and  is  therefore  in  a  position  for  easy  observation  for  early  risers. 
It  moves  about  40  eastward  in  the  constellation  Capricorn, 

Saturn  rises  about  an  hour  before  Jupiter.  It  is  in  the  western 
part  of  Capricorn  and  is  still  moving  eastward,  but  with  a  much 
slower  motion  than  that  of  Jupiter \  only  i°  during  the  month. 

Uranus  keeps  about  the  same  place.  It  ceases  its  eastward 
motion  during  March,  and  is  now  slowly  moving  westward. 

Neptune  remains  in  the  western  part  of  Gemini. 

March-April,   1902. 
Phases  of  the  Moon,  P.  S.  T. 


Last  Quarter    .   .   . 
New  Moon       .    .   . 

Mar.      2, 
Mar.     9, 

2h    39m 
6     50 

A.  M. 
P.  M. 

First  Quarter  .   .    . 
Full  Moon        .    .    . 

Mar.    16, 
Mar.   23, 

2      13 
7     21 

Last  Quarter   .   .   . 
New  Moon       .   .   . 
First  Quarter  .   .   . 
Full  Moon        .   .   . 
Last  Quarter  .    .   . 

Mar.  31, 
Apr.     8, 
Apr.    14, 
Apr.    22, 
Apr.   30, 

10     24 

5     50 

9     26 

10     50 

2     58 

A.  M. 
P.  M. 
A.  M. 
P.  M. 

The  Sun. 

1902. 

R.  A.           Declination. 

Rises. 

Transits. 

Sets. 

Mar. 

i,  22b46ni  —    7° 49' 

6h39mA.M 

.   I2h  l3mP.M.    5b47mP.M. 

1.1,  23  23     —    3  58 
21,    0     0     —    0     1 

6   23 
6     8 

12    IO 
12       8 

5  57 

6  8 

Apr. 

3h    0  36     +    3  54 
10,     1    13     +    7  42 

5  5i 
5  36 

12       4 
12       2 

6   17 
6  28 

20,     1   50     +11    17 

5  20 

11   59  A 

.M.    6  38 

30,     2  27     -(-14  34 

5     7 

n  57 

6  47 
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Mercury. 

Mar. 

i, 

21 

30 

—  12 

24 

5  39  a.m 

10  56  A.M. 

4  13  P.M. 

11. 

21 

42 

—  13 

40 

5  15 

10  28 

3  4i 

21, 

22 

21 

—  11 

57 

5  9 

10  28 

3  47 

3i> 

23 

11 

—  7 

45 

5  6 

10  40 

4  14 

Apr. 

10, 

0 

10 

—  1 

3o 

5  4 

10  59 

4  54 

20, 

1 

17 

+  6 

25 

5  5 

11  26 

5  47 

30, 

2 

34 

+  15 

6 

5  12 
Venus. 

12   4  P.M. 

6  56 

Mar. 

1, 

21 

13 

—  7 

45 

5   6  A.M. 

IO  40  A.M. 

4  14  P.M 

11, 

21 

13 

—  9 

18 

4  32 

IO   O 

3  28 

21, 

21 

27 

—  9 

59 

4  9 

9  35 

3  1 

3i» 

21 

52 

—  9 

38 

3  53 

9  20 

2  47 

Apr. 

10, 

22 

23 

—  8 

18 

3  40 

9  12 

2  44 

20, 

22 

58 

—  6 

8 

3  28 

9  8 

2  48 

30, 

23  35 

—  3 

15 

3  14 

9  5 

2  56 

Mars. 

Mar. 

1, 

23 

11 

—  6 

18 

6  18  A.M. 

12  37  P.M. 

6  16  P.M 

11, 

23  39 

—  3 

10 

6  36 

12  26 

6  16 

21, 

0 

8 

—  0 

0 

6  15 

12  15 

6  15 

3i, 

0 

36 

-  3 

9 

5  54 

12   4 

6  14 

Apr. 

10, 

1 

4 

-  6 

12 

5  33 

II  53  A.M. 

6  13 

20, 

1 

33 

-  9 

8 

5  13 

II  42 

6  13 

30, 

2 

1 

-  11 

54 

4  50 

II  31 

6  12 

Jupiter. 

Mar. 

1, 

20 

30 

—  19 

22 

5  6  a.m. 

9  57  a.m. 

2  48  P.M. 

Apr. 

1, 

20 

55 

—  17 

53 

3  35 

8  20 

1  5 

May 

1, 

21 

12 

—  16 

46 

1  37 
Sa  turn. 

6  39 

II  41  A.M. 

Mar. 

1, 

19  45 

—  21 

9 

4  27  A.M. 

9  12  A.M. 

1  57  p.m. 

Apr. 

1, 

19  55 

—  20 

45 

2  34 

7  20 

12   6 

May 

1, 

19 

59 

-  20 

35 

12  39 

5  26 

IO  13  A.  M. 

Mar.  1,  17  21 

Apr.  1,  17  22 

May  1,  17  20 

Mar.  1,    5  54 

Apr.  1,    5  55 

May  i,    5  57 


Uranus. 

—  23   12       2   12  A.M. 

—  23  13    12  11 

—  23    12      IO      7  P.M. 

Neptune. 
+  22  17      noon. 

+  22    18        9   58  A.M. 
+  22    20       83 


6  48  A.M.   II    24   A.M. 

4  47  9  23 

2  43  7  19 


7    20  P.M.      2   40    A.M. 

5  18  12  38 

3  23  10  43  P.  M. 


i8 
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Eclipses  of  Jupiter*s  Satellites,  P.  S,  T. 

(Off  left-hand  limb  u  vcen  in  to  inverting  telescope.} 

I,  D,  Man    6,    6*  ig~  a  m.  IV.  R,  April    i,     3*3i"ajh. 


II,  Df 

I.  I* 
IV,  Dt 

H,  Dt 

I,  D> 

HI.  Dt 

I.  D. 


22, 


3  21 
2   42 

5     I 

4  36 

5  *& 


31*   1*  5* 


I.  Dt 
I,  D, 
I.  D, 
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HUSSEYS  MEASURES  OF  THE  02  DOUBLE  STARS.* 


By  S.  W.  Burnham. 


One  of  the  most  important  and  interesting  contributions  of 
practical  astronomical  work  has  just  been  issued  by  the  great 
Observatory  at  Mt.  Hamilton,  as  Volume  V  of  the  Publications 
of  the  Lick  Observatory.  This  quarto  volume  of  227  pages  con- 
tains the  reobservation  and  measurement  by  Professor  Hussey 
of  all  the  double  stars  of  the  first  edition  of  the  Poulkowa  Cata- 
logue of  1843.  Each  of  the  pairs  has  been  measured  on  an 
average  of  three  nights  with  either  the  12-inch  or  the  36-inch 
refractor,  the  most  difficult  of  these  objects,  of  course,  being 
observed  with  the  large  instrument.  The  measures  were  made 
principally  from  1897  to  1900,  and,  for  the  most  part,  all  the 
measures  of  each  star  were  made  in  the  same  year.  It  is  well 
known  that  in  the  second  edition  of  1850  of  the  Poulkowa 
Catalogue  many  of  the  stars  of  the  first  catalogue  were  rejected, — 
some  because  the  suspected  elongation  was  not  confirmed  by  sub- 
sequent examinations,  some  because  the  companion-star  was  too 
distant,  and  some  because  they  had  been  found  to  be  identical 
with  previously  known  pairs  in  the  catalogues  of  W.  Struve, 
Herschel,  and  others.  These  rejected  numbers  amount  alto- 
gether to  106  stars.  The  original  number  of  the  02  stars  was 
514,  but  other  new  pairs  were  found  from  time  to  time,  and  the 
total  number  was  finally  extended  to  547. 


*  Reprinted  from  Popular  Astronomy  for  December,  1901. 
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Hussey  has  accounted  for  all  these  stars,  rejected  and  other- 
wise, and  arranged  them  in  this  general  catalogue  in  numerical 
order,  with  a  table  at  the  end  of  the  volume  giving  them  in  order 
of  Right  Ascension  with  positions  for  1900,  so  that  any  star  can 
be  found  by  its  number  or  place.  He  has  collected  with  remark- 
able thoroughness  substantially  all  the  published  measures  of 
each  pair,  and  placed  them  in  chronological  order,  with  a  refer- 
ence to  the  place  of  publication.  One  can  see  at  a  glance  whether 
or  not  there  is  any  relative  motion,  and  generally  what  the 
change  is  in  the  last  sixty  years,  where  there  is  change  in  the 
components  from  proper  or  orbital  motion.  The  notes  accom- 
panying each  star  are  complete,  and  give  all  that  is  worth  men- 
tioning concerning  the  character  and  history  of  the  pair.  They 
are  models  of  completeness  for  brevity.  When  necessary  they  are 
illustrated  by  diagrams  showing  the  relative  change  in  the  com- 
ponents. 

The  pairs  rejected  as  single  have  all  been  carefully  examined 
with  the  great  telescope,  and  in  each  instance  no  elongation  de- 
tected under  favorable  conditions.  Many  of  these  stars  had  been 
previously  examined  by  the  writer  with  the  same  telescope  and 
with  Chicago  18^-inch  with  the  same  result,  but  it  is  always 
possible  that  a  star  of  this  class  may  be  really  double,  though  so 
close  from  the  rapid  motion  of  the  components  that  at  a  given 
time  it  is  single  with  the  largest  aperture.  As  many  of  these 
stars  have  been  watched  more  or  less  at  intervals  in  the  last 
thirty  years,  without  showing  any  signs  of  duplicity,  in  first-class 
refractors,  it  is  safe  to  say  that  in  all  probability  the  orginal 
observations  which  led  to  their  being  placed  in  the  Poulkowa 
Catalogue  was  a  mistake,  and  the  supposed  elongation  not  real. 

Of  the  other  class  of  wide  pairs,  although  not  likely  to  be  of 
any  interest  as  physical  double  stars,  many  of  them  were  in  need 
of  measurement,  as  some  depended  upon  perhaps  a  single  obser- 
vation of  Madler  made  more  than  half  a  century  ago.  Some  of 
them  were  placed  on  the  working  list  of  neglected  pairs  prepared 
by  the  writer  for  observation  at  the  Yerkes  Observatory,  not 
knowing  at  that  time  that  Hussey' s  plan  embraced  all  these 
stars.  My  work  in  this  direction  was,  of  course,  discontinued 
after  receiving  this  volume,  as  there  would  be  no  excuse  for  du- 
plicating work  already  so  carefully  and  well  done. 

In  the  course  of  these  observations  Professor  Hussey  found 
new  components  to  five  of  the  Poulkowa  stars,  and  two  of  these, 


ao  Publications  of  the 

OS  351  and  OS  476,  seem  to  be  remarkable  objects  visually, 
and  likely  to  be  remarkable  hereafter  as  physical  systems.  The 
known  components  of  the  first  pair  are  only  o".6  apart,  while 
one  of  them  is  composed  of  two  stars,  with  a  distance  of  only 
o"-3.  In  the  other  case  the  OS  components  have  a  distance  of 
o".54,  and  the  smaller  of  these  is  a  close  pair,  with  a  distance 
of  o".  15.  These  are  the  closest  triple  stars  known,  and  are  certain 
to  be  interesting  physical  systems,  and  perhaps  in  rapid  motion. 
Discoveries  of  this  kind  must  necessarily  be  made  with  large 
refractors,  and  while  it  is  possible  that  these  stars  are  more  readily 
seen  now  than  heretofore,  it  is  certain  that  they  are  beyond  the 
grasp  of  all,  or  nearly  all,  the  instruments  used  for  the  measure- 
ment of  these  stars  in  former  years. 

The  Director  of  Lick  Observatory  and  the  authorities  of  the 
University  of  California  have  earned  the  thanks  of  the  astro- 
nomical world  for  the  prompt  publication  of  this  beautiful  vol- 
ume. The  printer's  work  has  been  so  well  done  that  it  may  be 
said  to*  represent  the  highest  art  in  this  class  of  composition. 
The  arrangement  of  the  matter  and  the  selection  of  the  various 
kinds  of  type  make  a  volume  both  convenient  and  pleasant  to 
use.  The  plan  generally  is  that  adopted  in  the  General  Cata- 
logue of  the  ft  stars,  issued  as  Volume  I  of  the  Publications  of 
the  Yerkes  Observatory. 

This  volume  will  practically  take  the  place  of  all  former  works 
relating  to  this  subject-matter,  since  it  contains  all  that  is  needed 
in  the  earlier  catalogues  and  publications.  It  should  prevent 
hereafter  much  waste  of  time  in  duplicating  measures,  and 
observing  pairs  for  which  no  measures,  for  many  years,  are 
needed.  The  stars  which  are  shown  to  be  relatively  fixed,  or 
where  the  change  is  slow,  will  need  no  further  attention  for  at 
least  a  quarter  of  a  century.  On  the  other  hand,  those  in  rapid 
orbital  motion  should  be  measured  by  one  of  the  large  telescopes 
at  short  intervals,  some  of  them  every  year.  For  some  of  these 
binaries  new  orbits  have  been  computed,  based  upon  the  new  and 
later  measures.  Among  others  is  an  orbit  of  8  Equulei,  from 
which  it  appears  that  a  period  of  5.7  years  will  satisfy  the 
measures  as  well  or  better  than  the  11.4-year  period  heretofore 
supposed  to  be  the  true  time.  Should  this  shorter  period  prove 
to  be  correct  —  and  the  prima  facie  case  made  seems  to  be  a 
strong  one  —  it  will  be  the  most  rapid  binary  now  known.  If 
this  pair  is  carefully  watched  and  measured  several  times  each 
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year  when  the  apparent  motion  is  most  rapid,  as  it  doubtless  will 
be  at  Mt.  Hamilton,  it  will  not  require  long  to  determine  which 
of  the  periods  is  correct.  It  is  fortunate  that  micrometrical  work, 
and  especially  that  relating  to  double  stars,  is  in  the  hands  of  two 
such  zealous  and  expert  observers  as  Hussey  and  Aitken. 

One  can  imagine  the  pleasure  with  which  the  venerable  Otto 
Struve  will  examine  this  work,  which  brings  together  for  the 
first  time  in  a  perfect  and  permanent  form  his  great  discoveries 
of  more  than  half  a  century  ago.  At  this  time  in  his  life,  when 
his  work  with  the  telescope  has  been  concluded,  he  cannot  fail 
to  appreciate  the  value  of  this  volume  as  a  permanent  monument 
to  his  memory. 


NOTICES    FROM    THE    LICK    OBSERVATORY* 


Prepared   by    Members  op  the  Staff. 


Further  Observations  of  the  Nebula  about  ArorA  Persei 

Since  the  photograph  of  November  7-8  th,  five  other  nega- 
tives have  been  secured  with  the  Crossley  reflector,  as  follows: — 
November  12-ijth,  December  4th,  December  8th  and  nth> 
January  2-30*  and  January  10— nth.  With  the  exception  of  that 
of  December  4th,  all  have  had  exposures  of  ten  hours.  These 
later  photographs  have  been  obtained  on  quicker  plates,  and  with 
the  longer  exposures,  much  more  detail  is  shown  than  on  the  first. 

These  negatives  show  two  distinct  regions  of  nebulosity  to 
exist  about  the  Nova.  The  region  about  the  star  within  a  radius 
of  7'  is  filled  with  nebulosity  showing  much  detail  It  is  in  this 
region  where  the  condensations  are  situated  which  were  first 
observed  to  be  in  rapid  motion,  Outside  of  this  circular  region 
of  15'  diameter  is  a  ring  of  very  much  fainter  nebulosity,  having 
an  extreme  diameter  of  30'.  This  nebulosity  is  so  faint,  in  tact, 
that,  with  the  exception  of  a  few  of  the  brighter  wisps,  it  is  not 
visible  until  intensified  by  successive  copyings  on  slow  plates. 
This  method  of  bringing  out  faint  contrasts  is  one  well  known  to 
experienced  photographers  and  has  long  been  in  use  at  this 
Observatory. 

The  motions  which  were  observed  in  some  of  the  brighter 
condensations  are  shown  by  the  later  photographs  to  continue. 
These  motions  are  not  radial,  although  the  entire  circle  of  nebula 
is  expanding.  Some  of  the  observed  motions  are  clockwise, 
while  others  appear  to  be  moving  in  the  opposite  direction, 

With  the  exception  of  two  groups  of  filaments  in  the  faint 
outer  ring  of  nebulosity,  there  is  not  sufficient  structure  there  for 
a  satisfactory  determination  of  motions.  Of  the  two  masses  men- 
tioned,  one  shows  a  clockwise  motion  and  the  other  a  counter- 
clockwise motion  of  about  3'  in  the  interval  of  a  month  between 
the  December  and  January  observations.     The  larger  proportion 

*  Lick  Astronomical  Department  of  ih*  University  of  California. 


Astronomical  Society  of  the  Pacific.  23 

of  motion  is  tangential,  the  radial  component  amounting  to  nearly 
1'.  Neither  of  these  two  groups  of  nebulosities  was  visible  on 
the  photograph  of  November  7-8th.  One  of  them  shows  very 
faintly  on  the  negative  of  November  1 2-1 3th,  the  other  on  a 
negative  with  only  5^  hours'  exposure  on  December  4th.  The 
later  negatives  all  show  both  groups.  Some  exceedingly  fine 
structural  detail  is  also  shown  on  the  later  negatives  in  the 
extreme  outer  portion  of  this  outer  ring,  to  the  west  of  Nova. 
This  detail  is  composed  of  the  finest  threadlike  filaments,  and  in 
this  also  can  be  traced  a  general  outward  movement. 

In  examining  the  earlier  short- exposure  negatives  of  the  Nova 
for  another  purpose,  I  found  one,  taken  on  March  29th  with  an 
exposure  of  ten  minutes,  which  shows  a  complete  ring  of  faint 
nebulosity  about  the  Nova,  These  photographs  were  obtained 
by  Messrs.  H.  K.  Palmer  and  C.  G.  Dall  while  the  writer  was 
absent  on  the  Eclipse  Expedition  to  Sumatra. 

This  photograph  carries  back  our  knowledge  of  the  nebula 
nearly  fat  months.  The  earliest  observations  previously  known 
were  by  Professor  Max  Wolf,  on  August  23d,  and  Mr. 
Ritchey,  of  the  Yerkes  Observatory,  on  September  20th. 

The  ring  of  nebulosity  shown  on  the  negative  of  March  29th 
is  not  perfectly  circular,  but  is  flattened  on  the  southwest  side. 
The  longer  axis  of  the  oval  is  in  the  direction  ^southeast- north- 
west, and  is  about  5'  in  length.  The  ring  is  approximately  20" 
in  width  in  the  best-defined  portions.  The  nebulosity  at  the  ends 
of  this  oval  is  much  more  diffuse  and  broadened  and  resembles 
somewhat  the  Annular  Nebula  in  Lyra.  Inside  this  ring  and  very 
close  around  the  star  is  an  elliptical  ring  of  much  fainter  nebu- 
losity whose  major  axis  is  in  position-angle  6o°.  The  Nova 
occupies  the  southwest  focus  of  this  ellipse,  whose  major  axis  is 
2j£'  in  length  and  its  minor  axis  2'. 

A  narrow  circular  arc  of  nebulosity  extends  from  position- 
angie  o°  to  900  at  a  distance  of  5'  from  Nova,  which  occupies 
the  center  of  curvature. 

Besides  the  features  described,  there  is  a  series  of  faint 
envelopes  to  the  south  of  the  star,  at  a  distance  of  3',  which  has 
an  arrow-shaped  form  pointing  to  the  east.  There  are  also 
some  faint  masses  of  nebulosity  to  be  seen  inside  the  larger  ring. 
As  the  later  observations  showed  the  outer  ring  of  nebulosity  to 
be  expanding  at  about  the  rate  which  would  have  carried  the  ring 
of  March  29th  to  its  present  position,  the  assumption  of  probable 
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identity  was  made  and  the  velocity  of  recession  radially  from  the 
star  determined.  This  was  possible  from  two  well- denned  masses 
on  the  outer  rim  of  the  large  exterior  nebulosity,  using  the  interval 
March  29,  1901,  to  January  2-3,  1902.  One  of  these  masses  was 
southwest  of  Novaf  the  other  north.  The  mass  to  the  southwest 
gave  a  velocity  of  3". 00  per  day;  the  mass  to  the  north  gave  a 
velocity  of  2*\  62  per  day.  These  velocities  carry  their  respective 
nebulosities  (both  rings)  back  to  the  Nova  on  February  17th  and 
1 6th.  Each  pair  of  results  agrees  within  a  small  fraction  of  a 
day,  which  must  be  considered  largely  accidental  owing  to  the 
uncertainties  of  measuring  such  objects.  Many  of  the  condensa- 
tions are  growing  fainter,  owing,  probably,  to  the  general  expan- 
sion. Condensation  A  was  very  compact  when  first  observed  on 
November  7^8th.  It  has  now  separated  into  three  envelopes, 
the  whole  being  much  iainter.  Several  new  masses  have 
appeared  in  its  vicinity.  Condensation  D  seems  to  have  remained 
unchanged  either  in  intensity  or  form,  since  November  7 -8th, 

We  may  summarize  briefly  the  results  of  a  comparison  of  all 
our  negatives,  as  follows:— 

Great  changes  are  still  going  on  in  the  nebulosity  about  the 
Nova.  Some  masses  appear  to  be  growing  brighter,  while 
others  are  growing  fainter. 

The  nebulosity  is  found  chiefly  in  two  regions.  The  brighter 
is  situated  in  a  circular  area  15'  in  diameter,  in  which  Nova 
occupies  the  center.  Around  this  region  is  a  ring  of  much  fainter 
nebulosity  30'  in  diameter.  Both  of  these  regions  are  expand- 
ing rapidly  in  all  directions.  Many  portions  of  the  nebula  are  in 
rapid  motion.  Several  of  the  condensations  appear  to  have  a 
spiral  motion,  some  clockwise,  others  the  reverse.  No  entirely 
radial  motion  has  been  observed.  The  nebulosity  now  visible 
appears  to  have  been  expelled  from  the  region  of  the  star  about 
February  16th  or  17th  (neglecting  light  transmission)  in  the 
general  form  of  rings  or  shells. 

If  this  nebulosity  is  moving  in  all  directions  at  its  present  rate 
of  speed,  and  should  continue  at  this  rate,  some  of  it  should  reach 
the  solar  system  in  250  years  or  less. 

Messrs.  H.  K.  Palmer  and  Joel  Stebbins,  Fellows  in 
Astronomy,  have  assisted  in  taking  the  later  photographs  with 
the  Crossley  reflector.  C.  D.  Perrine. 

Mt.  Hamilton,  California,  1902,  January  15. 
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Observations  of  194  Double  Stars. 

My  double-star  observing-list  for  the  years  1900  and  1901  was 
made  up  largely  of  the  more  rapid  binaries  and  other  difficult  pairs 
taken  principally  from  the  catalogues  of  Burnham,  Hough,  and 
the  Clarks. 

About  six  hundred  measures  of  one  hundred  and  ninety  of 
these  stars,  besides  notes  on  four  that  were  found  to  be  single, 
have  been  published  as  Bulletin  No.  11  of  the  Lick  Observatory. 
Of  the  measured  pairs,  ninety-four  have  distances  of  o".5  or  less, 
including  some  of  the  closest  pairs  known;  forty-two  more  have 
distances  ranging  from  o".5  to  i".o,  and,  of  the  wider  pairs, 
many  are  difficult,  by  reason  of  the  faintness  of  the  smaller  star. 
The  great  majority  of  the  measures  were  made  with  the  36-inch 
telescope. 

The  double-star  system  that  is  of  greatest  interest  at  present 
is  8  Equulei=  02  535.  My  observations  of  this  pair  made  in 
1900  were  printed  in  No.  76  of  these  Publications ',  and  the  first 
two  secured  in  1901,  in  No.  79.  In  May,  June,  and  July  measures 
were  made  without  special  difficulty,  the  angular  separation  of  the 
components  reaching  a  maximum  of  about  o".  15. 

During  September  and  October  the  apparent  distance  between 
the  two  components  again  began  to  grow  smaller  and  measures 
became  more  difficult.  The  star  was  followed  carefully  as  long  as 
it  was  in  reach,  the  last  observation  being  made  on  December 
19th.  On  that  date,  the  highest  power  eye-piece  for  the  36-inch 
telescope  showed  no  certain  elongation.  The  seeing  was  very 
good.  These  observations,  confirmed  as  they  are  by  those  made 
by  Professor  Hussey,  seem  to  present  conclusive  evidence  in 
favor  of  the  5. 7-year  period  of  revolution.  It  is  certain  that  the 
companion  moved  out  to  elongation  and  in  again  in  little  more 
than  a  year's  time.  _     _     A 

January  ,5,  1902.  R-   G.  AlTKEN. 

Duplicity  of  the  Principal  Component  of  S238. 

A  recent  examination  of  this  pair  with  the  36-inch  telescope 
revealed  the  existence  of  a  close  companion  to  the  brighter  star. 
The  mean  of  three  nights'  measures  is: — 

1902.00     io8°.i     o".85     8.3-10.7 
My  measure  of  the  Struve  pair  is  — 

1901.970     356°-9     io"-83     in 
which  agrees  almost  exactly  with  Struve*  s  measure  made  in  1830, 
showing  that  the  wide  pair  is  fixed.  D    n     A 

January  15,  1902.  R'   G*   AlTKEN- 


GENERAL    NOTES. 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
In  carrying  out  the  work  of  this  department.  Communications  of  general  interest  will  be 
gladly  received,  and  may  be  sent  to  Sidney  D.  Town  ley.  3023  Bancroft  Way,  Berkeley, 
California.  

Mr.  John  A.  Brashear,  the  well-known  optician,  has  been 
elected  Chancelor  of  the  University  of  Western  Pennsylvania. 


Charles  A.  Bacon,  professor  of  astronomy  in  Beloit  College, 
Wisconsin,  and  director  of  Smith  Observatory,  died  November  . 
6,  1901.  > 

The  report  of  the  Board  of  Visitors  of  the  United  States  Naval 
Observatory  has  been  published  in  Science,  December  6th. 
Extracts  from  the  report  of  the  Superintendent  of  the  Naval 
Observatory,  with  some  editorial  comments,  are  printed  in  the 
issue  of  the  same  journal  for  December  20th. 


At  the  meeting  of  the  Astronomical  and  Astrophysical  Society 
of  America  held  in  Washington,  D.  C,  December  30,  1901,  to 
January  3,  1902,  the  following  officers  were  elected:  President, 
Simon  Newcomb;  First  Vice-President,  G.  E.  Hale;  Second 
Vice-President,  W.  W.  Campbell;  Treasurer,  C.  L.  Doolit- 
tle;  Councilor,  E.  C.  Pickering;  Councilor,  R.  S.  Woodward. 

The  next  meeting  of  the  Society  will  be  held  at  Washington, 
in  December,  1902.  

At  a  meeting  of  the  National  Academy  of  Sciences  at  Wash- 
ington in  April,  Professor  S.  P.  Langley  read  a  paper  reviewing 
his  work  in  the  investigation  of  the  solar  spectrum,  the  paper 
being  a  summary  of  the  results  embodied  in  Volume  I  of  the 
Annals  of  the  Astrophysical  Observatory  of  the  Smithsonian 
Institution,  As  illustrating  the  principal  feature  of  the  work,  a 
map  was  shown  of  the  solar  spectrum,  only  a  small  part  of  which, 
on  the  left,  was  the  visible  spectrum  known  to  Sir  Isaac  New- 
ton. This  was  the  familiar  colored  spectrum.  The  remainder 
consisted  of  the  extended  range  of  the  solar  energy  invisible  to 
the  eye,  but  which  by  the  researches  of  Professor  Langley  was 
now  mapped  with  the  variations  of  energy  shown  by  curves. 

The  visible  spectrum,  from  a  little  beyond  the  violet,  at  a 
wave-length  of  somewhat  less  than  0.4  ft,  down  to  the  extreme  '. 

red,  which  is  considered  to  terminate  at  the  almost  invisible  line  j 

A,  whose  wave-lenghth  is  o.  7  ft,  has  been  the  seat  of  prolonged  1 
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spectroscopic  investigation.  On  a  scale  of  the  actual  wave- 
length of  light,  where  the  unit  of  measurement  (1  /x)  is  one  one- 
thousandth  of  a  millimeter,  the  length  of  the  visible  spectrum 
is  0.36/x.  This  prominence  of  the  visible  spectrum  is  due  partly 
to  the  reason  that  it  is  visible,  and  partly  to  the  fact  that  the  ordi- 
nary prism  gives  an  immensely  extended  linear  depiction  of  the 
really  small  amount  of  energy  in  this  visible  part.  The  region 
beyond  the  violet  has  also  received  undue  attention  from  the  fact 
that  the  salts  of  silver  used  in  photography  are  extremely  sensi- 
tive to  the  short  wave-length  rays  of  this  portion,  although  this 
portion  is  lacking  in  energy. 

On  the  map  shown,  a  scale  had  to  be  adopted  for  the  spectrum, 
which  has  really  no  positive  dimension,  being  extended  at  one 
end  or  the  other,  according  to  the  use  of  the  prism  or  grating 
employed  in  producing  it.  The  scale  used  was  such  that  the 
infra-red  portion  of  the  spectrum,  as  given  by  a  rock-salt  prism, 
was  correct.  The  visible  and  ultra- violet  given  was  not  exact; 
for  on  the  prismatic  scale  it  would  have  taken  nearly  100  feet  of 
map  to  depict,  although  the  ultra- violet  really  contains  much  less 
than  one  one-hundreth  part  of  the  total  solar  energy,  and  the 
visible  spectrum  but  about  one  fifth.  The  only  law  which  gov- 
erns is  that  the  amount  of  energy  in  any  region  of  the  spectrum, 
such  as  that  in  any  color,  or  between  any  two  specified  limits, 
is  a  definite  quantity  fixed  by  facts  independent  of  our  choice, 
such  as  the  nature  of  the  radiant  body  or  the  absorption  which 
the  ray  has  undergone. 

Everything  in  linear  presentation,  then,  depends  on  the  scale 
adopted.  If  the  lengths  be  proportional  to  the  energies,  the 
familiar  prismatic  representation  enormously  exaggerates  the 
importance  of  the  visible  and  still  more  of  the  ultra-violet  region, 
and  similarly  the  grating  spectrum  exaggerates  that  of  the  infra- 
red region.  On  the  adopted  scale,  the  visible  spectrum  had  been 
drawn  on  the  average  dispersion  of  the  infra-red. 

Of  the  invisible  region  beyond  the  infra-red,  nothing  was 
known  until  1800,  when  Sir  William  Herschel  found  heat 
there  with  a  thermometer,  although  this  region  contains  four 
fifths  of  the  solar  energy.  Sir  John  Herschel  determined 
that  the  heat  was  not  continuous;  but  it  was  not  until  1871,  when 
Lemansky  made  a  drawing  of  the  energy-curve  (which,  being 
without  scale,  is  indeterminate),  that  much  was  known  regarding 
this  region.     Three  depressions  are  shown  in  his  curve,  indicat- 


28  Publications  of  the 


ing  lapses  of  heat  in  the  infra-red.  They  probably  indicate  some- 
thing near  to  a  wave-length  of  i  |i.  It  was  this  drawing  that 
first  interested  Professor  Langley  in  the  subject 

Prior  to  1885  the  true  wave -lengths  were  imperfectly  known, 
but  were  then  determined  by  Professor  Langlev  as  far  as  the  end 
of  what  he  has  called  the  H  New  Spectrum/1  at  a  wavelength  of 
5. 3 /a.  After  this  the  next  important  addition  to  the  subject  was 
made  by  Captain  Abkev,  who  gave  the  photographic  spectrum 
down  to  i .  I  jft, 

.  The  predecessors  of  Professor  Langley  had  worked  with  the 
thermopile,  which  was  insufficient  in  the  feeble  heat  of  the  grating- 
spectrum  for  good  results.  This  led  to  his  invention  of  the 
bolometer,  about  1880.  The  basic  idea  in  this  instrument  is  the 
formation  of  a  Wheatstone  bridge*  The  variation  in  conductiv- 
ity of  one  arm  of  the  bridge,  due  to  a  variation  in  temperature, 
while  the  other  arm  of  the  bridge  is  of  a  constant  temperature, 
can  be  measured  by  a  galvanometer.  As  constructed,  the  two 
arms  of  the  bridge  are  formed  by  two  platinum  tapes,  one 
exposed  to  the  heat  and  the  other  screened.  The  width  of  tape 
in  some  bolometers  is  one  two- hundred -and -fiftieth  of  an  inch 
and  its  thickness  but  one  tenth  of  its  width.  With  the  improve- 
ments introduced  in  the  attending  galvanometer  by  Mr.  Abbott, 
it  is  now  possible  to  register  changes  in  temperature  of  one  one- 
hundred-millionth  of  a  degree,  with  an  error  of  less  than  two 
one-hundredths  of  one  per  cent. 

With  this  sensitive  instrument  it  is  possible  to  locate  the  invisi- 
ble lines  with  an  accuracy  equal  to  that  of  refined  astronomical 
measurements.  The  action  of  the  bolometer  can  be  compared 
to  an  eye  that  sees  in  the  dark.  The  solar  energy  is  everywhere 
the  same,  and  is  " light' '  or  "heat"  only  in  accordance  with  the 
organ  that  interprets  it.  Hence  lines  like  the  dark  Fraunhofer 
lines  in  the  visible  spectra  appear  to  the  bolometer  as  cold 
bands,  and  this  hairlike  strip  of  platinum  is  moved  along  in  the 
invisible  part  of  the  spectrum  till  the  galvanometer  indicates  the 
all  but  infinitesimal  change  of  temperature  caused  by  its  contact 
with  such  a  "cold  band." 

The  first  method  of  observation  was  extremely  slow  and  tedi- 
ous, as  it  required  hundreds  of  observations  by  three  persons  to 
determine  with  appropriate  accuracy  the  position  in  wave-length 
of  one  invisible  line.  It  took  two  years  to  map  about  twenty 
such   lines,   and  it  was  possible  that  a  thousand  lines  existed. 
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After  twelve  years  of  experimenting,  an  automatic  apparatus  has 
been  devised  which  registers  in  an  hour  the  lines  which  would 
have  taken  half  a  century  to  register  by  the  first  method. 

Briefly,  the  method  is  this:  A  great  rock-salt  prism  (for  a 
glass  one  would  not  transmit  these  lower  rays,  nor  could  they 
easily  be  detected  in  the  overlapping  spectra  of  the  grating)  is 
obtained  of  such  purity  and  accuracy  of  figure,  and  so  well 
sheltered  from  moisture,  that  its  clearness  and  its  indications  com- 
pare favorably,  even  in  the  visible  spectrum,  with  those  of  the 
most  perfect  prism  of  glass,  with  the  additional  advantage  that 
it  is  permeable  to  the  extreme  infra-red  rays  in  question.  This 
prism  rests  on  a  large  azimuth-circle  turned  by  clockwork  of  the 
extremest  precision,  which  causes  the  spectrum  to  move  slowly 
along,  and  in  one  minute  of  time,  for  example,  to  move  exactly 
one  minute  of  arc  of  its  length  before  the  strip  of  the  bolometer, 
bringing  this  successively  in  contact  with  one  invisible  line  and 
another.  Since  what  is  blackness  to  the  eye  is  cold  to  the  bolo- 
meter, the  contact  of  the  black  lines  chills  the  strip  and  increases 
the  electric  current.  The  bolometer  is  connected  by  a  cable 
with  the  galvanometer,  whose  consequent  swing  to  the  right  or 
the  left  is  photographically  registered  on  a  plate  which  the  same 
clockwork  causes  to  move  synchronously  and  uniformly  up  and 
down  by  exactly  one  centimeter  of  space  for  the  corresponding 
minute.  By  this  means  the  energy-curve  of  an  invisible  region, 
which  directly  is  wholly  inaccessible  to  photography,  is  photo- 
graphed upon  the  plate. 

The  number  of  lines  in  the  infra-red  spectrum  is  over  seven 
hundred,  and  exceeds  the  number  of  visible  ones  in  Kirchofl*  and 
Bunsen's  charts. 

In  this  way  the  spectrum  of  solar  energy,  which  has  been 
discovered  by  the  French  observers  to  extend  to  1.8  ft,  and  to 
which  Dr.  John  Draper  had  set,  from  theoretical  considera- 
tions, a  limit  of  a  wave-length  of  1  /x,  has  now  been  discovered  and 
mapped  by  Professor  Langley  to  a  wave-length  of  5.3/4.  The 
region  between  1.8 /a  and  5. 3  /the  has  termed  the  "New  Spec- 
trum. " 

One  result  obtained  by  these  investigations  is  that,  under 
similar  conditions  as  to  altitude  and  atmosphere,  the  amount  of 
solar  energy  varied  with  the  season.  Since  all  life  on  the  Earth 
depends  for  its  existence  on  the  Sun's  energy,  it  follows  that  by 
this  means  some  record  might  be  made  of  varying  solar  energy 
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and  predictions  made  of  the  character  of  the  seasons,  and  a  conse- 
quent benefit  secured  therefrom  for  humanity.  J.   D.   G. 


Continuing  the  plan  inaugurated  two  years  ago,  letters  were 
recently  sent  to  the  directors  of  the  chief  observatories  of  the 
Pacific  Coast,  asking  for  a  statement  of  the  work  accomplished 
during  1901.  From  the  answers  received  the  following  accounts 
have  been  written: — 

Chabot  Observatory.  —  Mr.  Burck halter  writes  as 
follows: — 

"  In  answer  to  the  request  of  the  Committee  on  Publication,  I  have 
very  little  to  report  of  value  in  the  way  of  original  work  for  the  past  year. 
The  observatory  was  given  to  the  Board  of  Education  of  Oakland  for 
popular  instruction  to  the  public  and  schools,  etc.,  and,  as  the  observa- 
vatory  has  always  been  exceedingly  popular,  the  assistant  in  charge  also 
being  required  to  give  a  half-day  to  school-work,  scarcely  any  time  is 
left  for  original  work.  All  my  spare  time  the  past  year  was  taken  up  in 
supervising  and  devising  certain  parts  of  the  new  Assembly  Hall  just 
added  to  the  observatory,  for  which  I  was  held  responsible  " 

International  Latitude  Observatory,  —  Dr.  Schles- 
inger's  report  of  the  work  accomplished  at  this  observatory  is 
as  follows: — 

44  The  programme  of  the  International  Geodetic  Association  for 
Observing  Variations  of  Latitude  has  been  continued  without  modifica- 
tion at  this  station,  as  well  as  at  the  five  others,  throughout  1901.  Below 
is  given  a  summary  of  the  observations  made  here  during  the  year. 

"  I.  Observations  for  latitude  proper.—  The  following  table  gives  the 
number  of  nights  and  the  number  of  pairs  observed  in  each  month: — 


1901.   January 14  nights 

February   .       ...  10 

March 18 

April 17 

May 17 

June 15 

July 14 

August 15 

September    .   .    .   .13 

October 15 

November 12 

December 15 


123  pairs. 

123  " 

153  " 

169  " 
167  - 
187  " 

170  " 
192  " 
146  " 
187  " 
135  " 
163  " 


Totals 175  nights 1,915  pairs. 

"II.  Observations  for  the  control  of  the  position  of  the  instrument. 
—  Owing  to  the  admirable  stability  of  the  zeniih-telescope  and  of  the 
meridian-marks,  these  observations  were  made  only  once  in  about  two 
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months.  No  appreciable  error  in  the  latitude  would  have  been  incurred 
if  such  observations  had  been  omitted  altogether  during  the  year. 

11  III.  Observations  for  values  of  the  level- spaces.  — One  series  for 
this  purpose  was  made  during  the  summer. 

"IV.  Observations  for  micrometer-value.  —  The  Pleiades  were 
observed  on  every  possible  occasion  during  January.  One  elongation  of 
Polaris  was  observed  for  the  same  purpose. 

"  V.  Observations  for  screw-errors.  —  The  periodic  errors  of  the 
micrometer-screw  are  being  examined  by  the  same  method  as  that  used 
for  the  progressive  errors.  This  method  is  described  on  other  pages  of 
this  number. 

"  No  definitive  reduction  of  the  observations  at  the*  six  latitude  stations 
has  yet  been  published.  A  preliminary  discussion  including  all  observa- 
tions up  to  January,  1901,  will  be  found  in  the  Astronomische  Nach- 
richten,  No.  3734-" 

Lick  Observatory.  —  Owing  to  his  absence  in  the  East  to 
attend  the  meeting  of  the  Astronomical  and  Astrophysical  Society 
of  America,  Director  Campbell  finds  it  impossible  to  prepare  a 
report  for  this  number  of  the  Publications. 

Mount  Lowe  Observatory. —  Professor  Edgar  L.  Lar- 
kin's  account  of  the  work  accomplished  at  this  observatory  is  as 
follows: — 

44  The  writer  assumed  directorship  of  this  observatory  on  January  i, 
1901.  The  year  has  been  one  of  confusion  in  building,  painting,  and 
putting  in  electric  lights,  so  that  extensive  observations  have  not  been 
made.  A  new  science  hall  has  been  added  to  the  building  —  mostly  for 
spectroscopic  and  other  optical  work  —  and  a  new  covering  put  on  the 
dome. 

OBSERVATIONS,    I9OI. 

January  ioth Giacobini's  comet. 

February  25th  ....  The  new  star  in  Perseus. 
May  17th  and  18th  .   .  The  Australian  comet. 

August  14th Encke's  comet. 

November  15th  .  .  .  .  The  Leonid  meteors — 661  recorded. 
November  27th  .  .   .   .  Conjunction  fupiter  and  Saturn. 

Since  July The  sodium  lines. 

During  the  year   .   .   .  The  stellar  floor. 

The  year Standard   thermometer,    barometer, 

and  rain-gauge. 

"Since  the  Brashear  spectroscope  was  mounted  in  its  new  room  in 
July,  a  preliminary  study  has  been  made  of  the  two  sodium  lines  and 
adjacent  regions.  The  heliostat  was  a  home-made  affair,  bad  beyond 
comparison.  A  new  one  of  perfect  workmanship  is  now  on  the  way  from 
Brashear.  The  spectrum  has  been  examined  often  at  precise  instants 
of  sunrise,  when  the  Sun's  limb  is  rising  over  bare  rock  on  the  summits 
of  the  mountains,  or  emerging  from  thickets  of  manzanita  shrubs ;  also 
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at  instants  of  sunset  both  in  the  sea  and  over  rocks  capping  the  coast 
ranges.  No  interpretation  is  offered.  The  dust  question  is  looming  up  in 
spectroscopy;  and  the  silicious  sheets  sent  hither  by  the  Mojave  Desert 
make  havoc  with  solar  rays  and  quench  their  waves.  Often  eleven  lines 
are  seen  between  Dt  and  Dt,  from  five  to  fifty  between  Dt  and  Dtt  and 
a5  many  more  on  the  opposite  side  of  Dx  to  an  equal  distance.  These 
phenomena  must  be  studied  a  year  after  the  arrival  of  the  new  heliostat 
before  anything  of  value  is  derived  from  the  research,  if  at  all.  The 
spectrum  of  Nova  Persei  secured  here  on  February  25th  is  well  repre- 
sented by  figure  I,  following  page  232,  No.  8r,  these  Publications.9* 

Mr.  Lark  ik  has  also  interested  himself  in  a  study  of  the  sky 
on  dark  clear  nights.  The  mountain  station  has  a  particular 
advantage  for  such  work  as  this,  as  the  observer  is  usually  far 
above  the  dust-laden  atmosphere  of  the  lower  levels.  Mr.  Lar- 
kin's  report  of  the  work  is  unfortunately  too  long  to  reproduce 
here,  but  the  nature  of  the  results  obtained  is  indicated  by  the 
following  sentence: — 

"  The  entire  background  of  Orion,  as  seen  here,  is  either  a  complete 
nebula  or  an  incredible  number  of  excessively  minute  stellar  points. 
After  a  rain  and  on  the  clearest,  darkest  nights,  Orion  is  always  bound  in 
white,  while  at  the  same  time  other  portions  of  the  celestial  vault  are  jet 
black  between  the  stars.*  ' 

Students'  Observatory.  — The  special  announcement  to 
students  mentioned  in  the  report  of  last  year  has  been  printed 
and  distributed.  It  gives  a  description  of  the  instrumental 
equipment  of  the  Lick  and  Students'  observatories  and  a  com- 
prehensive outline  of  the  courses  of  study,  both  graduate  and 
undergraduate,  and  special  lines  of  work  that  the  students  may 
take  up  The  student  may  specialize  along  one  of  three  lines, 
the  nature  of  which  is  sufficiently  indicated  by  the  names, — 
Theoretical  Astronomy  and  Celestial  Mechanics;  Astrophysics; 
Geodesy.  During  the  first  term  of  1901  the  total  enrollment 
of  students  in  astronomical  courses  was  92,  and  during  the 
second  term  119.  Several  special  lines  of  work  were  carried  on 
during  1901.  Professor  Leuschner's  work  upon  the  orbit  of 
the  faint  asteroid  discovered  by  the  late  Professor  Keeler  with 
the  Crossley  reflector  has  led  to  a  new  method  of  determining 
orbits  from  three  observations.  The  work  is  to  be  published  in 
the  Lick  Observatory  Bulletins  under  the  title  of  "  A  Short  and 
General  Method  of  Determining  Orbits  from  Three  Observa- 
tions." Professor  Leuschner  and  Miss  Hobe  have  also  pub- 
lished in  this  same  connection  '  *  Elements  of  Asteroid  1900  G.  A. 
and  Ephemeris  for  the  Opposition  of  1901-1902.'*     Both  of 


Astronomical  Society  of  the  Pacific.  33 

these  papers  were  presented  in  the  recent  meeting  of  the  Astro- 
nomical and  Astrophysical  Society  of  America,  The  new  method 
has  been  applied  by  Mr.  R.  A.  Curtiss  and  Mr.  C.  G.  Dall 
to  Comet  c  1900,  and  is  now  being  tested  by  application  to  the 
South  Comet  1901  by  Mrs.  L.  S.  Richardson  and  Mr.  C.  A.  G. 
Weymouth.  Dr.  Townley  has  been  studying  the  light  varia- 
tions of  Nova  Ptrseiy  and  a  portion  of  the  results  obtained  has 
already  been  printed  in  these  Publications.  Mr.  J.  D.  Maddrill, 
assistant  in  the  observatory,  has  observed  the  magnitudes  of 
Nova  Persei  and  micrometer  positions  of  asteroids.  Dr.  A.  F. 
Gillihan,  a  special  student,  has  also  made  micrometer  observa- 
tions of  asteroids.  Dr.  R.  T.  Crawford  and  Dr.  F.  E.  Ross 
are  engaged  for  the  Watson  Trustees  in  computing  the  general 
perturbations  of  the  Watson  asteroids. 

United  States  Coast  and  Geodetic  Survey  Observa- 
tory.— This  observatory,  situated  in  the  Presidio  Reservation, 
San  Francisco,  and  provided  with  a  transit  and  a  zenith-telescope, 
is  used  as  a  longitude  base  for  the  determination  of  new  stations 
by  telegraphic  time-signals  and  for  practice  of  observers.  Cap- 
tain Aug.  F.  Rogers,  Assistant  in  Coast  Survey,  and  in  charge 
of  the  observatory,  writes,  however,  that  no  new  determinations 
were  made  during  1901. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  in  the   Rooms  of  the  Society,  Janu- 
ary 25,   1902,  at  7:30  P.M. 

President  Doldeer  presided.  A  quorum  was  present  The  minutes 
of  the  last  meeting  were  approved. 

A  committee  to  nominate  a  list  of  eleven  Directors  and  Committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held  on 
March  29th,  was  appointed  as  follows:  Messrs.  D.  S.  Richardson 
(Chairman),  C.  Burckhalter,  J.  Costa,  Ceo.  L,  Dillman,  Henry  J. 
Crocker, 

A  committee  to  audit  the  accounts  of  the  Treasurer,  and  to  report 
at  the  annual  meeting  in  March,  was  appointed  as  follows:  Messrs. 
Chas.  S.  Cushing  (Chairman),  F.  H,  McConnell,  O..VON  Gbldbrn. 

Adjourned. 


Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,  held  in  the  Rooms  of  the  Society, 

January  25,  1902,  at  8  o'clock  p.  m. 

President  Dolbber  presided.  The  minutes  of  the  last  meeting 
were  approved. 

The  following  papers  were  presented: — 

1.  A  Method  for  Determining  the  Screw  Errors  of  a  Zenith -Telescope,  by  Dr.  Frank 

SCHLESINGBK. 

2.  Planetary  Phenoma  for  March  and  April,  1902,  by  Professor  Malcolm  McNkill. 

In  lieu  of  a  scientific  programme  for  this  evening,  a  Special  Meeting 
of  the  Society  was  called,  to  be  held  in  Hearst  Hall  at  Berkeley  on 
Febuary  21,  1902,  at  8  o'clock  p.  m.,  in  conjunction  with  the  University 
Exhibit  of  Astronomical  Photographs  taken  at  the  Lick  Observatory. 
It  was  announced  that  Professor  W.  W.  Campbell  would  address  the 
meeting,  giving  an  account  of  the  meeting  of  the  American  Astronom- 
ical and  Astrophysical  Society,  recently  held  in  Washington. 

Adjourned. 
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ADDRESS  OF  THE  RETIRING  PRESIDENT  OF  THE 

SOCIETY,   IN   AWARDING  THE  BRUCE  MEDAL 

TO   PROFESSOR  G.   V.    SCHIAPARELLI. 


By  John  Dolbeer.* 


The  statutes  for  the  bestowal  of  the  Bruce  Medal  of  the  Astro- 
nomical Society  of  the  Pacific  direct  that  the  President  "in  his 
address  at  the  annual  meeting  of  the  Society  in  March  is  to  an- 
nounce the  award  and  the  reasons  for  making  it. ' '  Complying 
with  the  statutes,  I  therefore  take  pleasure  in  announcing  that 
by  unanimous  vote  of  the  Board  of  Directors  the  Bruce  Medal 
for  the  year  1902  was  awarded  to  Professor  Giovanni  Virginio 
Schiaparelli,  "for  distinguished  services  to  astronomy." 

Every  member  of  the  Society  will  doubtless  agree  that  no 
more  worthy  recipient  of  the  medal  could  be  found  than  Profes- 
sor Schiaparelli;  and  that  it  is  especially  appropriate  that  he 
should  receive  it  at  this  time,  when  he  has  retired  from  the  direc- 
torship of  the  observatory  made  famous  throughout  the  world  by 
his  labors  during  the  past  forty  years.  For,  unlike  many,  if 
not  most,  other  medals  founded  to  encourage  astronomical  work, 
the  Bruce  Medal  is  not  bestowed  as  an  award  for  some  one  partic- 
ular research  or  discovery,  however  brilliant,  but  rather  as  the 
mark  of  our  recognition  of  the  fact  that  the  medalist,  by  his  long- 
continued  and  successful  labors,  has  made  himself  one  of  the 
great  leaders  in  the  advance  of  the  science  of  astronomy. 

In  the  minds  of  most  intelligent  people  outside  of  the  ranks 
of  the  professional  astronomers,  the  name  of  Schiaparelli  is 
probably  most  prominently  associated  with  the  planet  Mars;  and 
it  is  unquestionably  true  that  his  remarkable  studies  of  the  physi- 


*  1  am  Indebted  to  Professor  R.  G.  Aitkbn,  of  the  Lick  Observatory,  for  the  collection 
and  arrangement  of  the  data  contained  in  this  address. 
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cal  characteristics  of  that  interesting  planet  form  a  strong  claim 
to  the  high  regard  in  which  he  is  held  by  astronomers  to-day. 
As  one  of  our  own  members  has  said, — 

'  "  Professor  Schiaparblli  has  fixed  the  principal  points  of  the  planet's 
surface  by  a  survey,  and  he  has  shown  that  they  have  remained  constant 
since  the  time  of  Maedlbr  and  Kaiser.  By  a  series  of  drawings,  he 
has  constructed  a  most  admirable  map  of  the  planet.  On  this  map  he 
has  located  the  continents  and  the  seas;  and  has  traced  a  very  large 
number  of  '  canals '  (narrow,  straight,  dark  lines),  and  shown  that  many 
of  them  appear  at  times  to  be  doubled.  The  elegant  nomenclature  he 
has  adopted  in  his  map  will  be  a  pleasure  to  the  classical  scholar  who 
may  examine  it.  It  is  a  scholar's  review  of  antiquity.  Professor  Schia- 
parblli has,  however,  been  very  chary  of  hypotheses.  .  .  .  Most 
of  his  writings  have  been  concerned  with  the  pure  results  of  observa- 
tion, and  he  has  scrupulously  refrained  from  generalizations."  * 

Another  says:  — 

"  He  has  extended  our  knowledge  of  the  planet  enormously  in  nearly 
every  line,— in  reference  to  the  polar  caps,  the  so-called  seas  and  conti- 
nents, but  especially  in  reference  to  the  so-called  canals,  their  appearance 
and  disappearance,  their  doubling,  etc.  His  entire  work  bears  the  impress 
of  a  scientific  spirit  par  excellence.  His  technical  results  are  comprised 
in  a  few  papers,  and  a  dozen  octavo  pages  suffice  for  a  masterly  popular 
exposition  of  his  general  results.  His  brief  papers  contain  at  least  the 
suggestion  of  all  the  theories  recently  exploited  by  popular  writers, 
though  he  was  not  concerned  with  establishing  a  theory,  but  rather  with 
ascertaining  facts."  t 

But  Schiaparelli  would  rank  with  the  foremost  astronomers 
of  our  time  if  he  had  never  published  a  paper  on  Mars  or  made 
a  drawing  of  the  planet.  Not  one  of  the  three  gold  medals  he 
holds,  nor  of  the  two  Lalande  prizes,  was  awarded  to  him  for  his 
studies  on  Mars.  In  fact,  the  gold  medals  were  bestowed  upon 
him  before  his  work  on  Mars  began. 

Like  Auvvers  and  Gill,  our  medalists  in  1899  and  1900, 
Schiaparelli' s  early  training  specially  fitted  him  for  his  future 
work.  After  six  years  spent  in  the  University  of  Turin  as  stu- 
dent, especially  of  mathematics,  engineering,  and  astronomy,  and 
private  tutor  in  mathematics,  he  received  in  1856  a  position  as 
instructor  in  mathematics  at  the  gymnasium  in  Turin.  He  held 
this  position  for  only  two  months,  however,  having  received 
orders  from  the  government  to  continue  his  astronomical  studies 
under  Encke   at  Berlin.     We   find  him,  accordingly,  applying 


♦Professor  Emv.  S.  Holden.     The  Forum,  November,  1892. 
t  Professor  W.  W.  Campbkll.    Science,  August  21,  1S96. 


Astronomical  Society  of  the  Pacific.  39 

himself  to  these  studies  for  the  two  following  years,  taking  courses 
as  well  in  mathematics,  physics,  meteorology,  terrestrial  magne- 
tism, etc.,  under  such  famous  professors  as  Erman,  Weier- 
strass,  Poggendorff,  Arndt,  and  Ohm.  To  supplement 
these  theoretical  studies  he  next  went  to  Pulkowa,  and  there  spent 
a  year  in  practical  astronomical  work  under  Otto  Struve  and 
Winnecke.  He  was  now  thoroughly  prepared  to  enter  upon 
his  life  work,  and  on  the  30th  of  June,  i860,  a  young  man  of  25, 
he  was  appointed  Second  Astronomer  at  the  Milan  Observatory, 
then  under  the  directorship  of  Professor  Carlini. 

Forty  years  later,  on  June  30,  1900,  when  he  resigned  his 
position  as  Director  of  the  Milan  Observatory,  the  astronomers 
of  Italy  in  testimony  of  their  appreciation  of  his  work,  published 
a  pamphlet  entitled  "  AH*  Astronomo  G.  V.  Schiaparelli,  Omag- 
gio  30  Giugno  1860-30  Giugno  1900,"  which  recounts  in  detail 
the  story  of  his  scientific  life  and  gives  a  complete  list  of  his 
writings.  In  their  address  on  this  occasion,  they  call  attention 
to  his  discovery  a  few  months  after  assuming  his  duties  at  Milan, 
of  a  minor  planet,  Hesperia, — an  event  of  more  interest  and 
significance  in  those  days  than  at  present, —  and  continue : — 

"With  this  discovery,  made  so  soon  after  your  entrance  in  the 
Observatory  di  Brera,  you  began  to  draw  the  attention  of  the  astronomi- 
cal world  upon  your  name,  which,  having  quickly  achieved  greater  titles 
to  fame,  the  history  of  astronomy  records  with  high  honor,  recalling 
your  observations  and  your  studies  upon  the  comet  of  1862;  your  theory 
of  meteors;  your  many  and  accurate  observations  of  double  stars;  your 
observations  and  discoveries  upon  the  planets  Mercury  and  Venus,  and 
particularly  Mars;  your  researches  in  and  reconstruction  of  the  story  of 
the  astronomical  thought  of  ancient  times;  your  careful  study  of  the 
motion  of  the  pole  of  terrestrial  rotation,  etc.;  while  the  history  of 
meteorology  and  of  terrestrial  physics  and  of  natural  philosophy  in  gen- 
eral will  record  your  many  contributions  as  of  the  highest  importance." 

It  is  obviously  impossible  to  mention  even  the  titles  of  all 
these  important  papers,  to  say  nothing  of  giving  an  adequate 
account  of  their  contents.  In  addition  to  the  brief  reference 
already  made  to  his  well-known  observations  on  Mars,  we  must 
confine  ourselves  to  a  very  short  account  of  the  researches  first 
mentioned  in  the  passage  just  quoted;  his  study  of  the  comet 
of  1862,  his  theory  of  meteors,  and  his  observations  of  double 
stars. 

That  comets  and  meteors  are  very  closely  related, — so  closely 
as  to  point  conclusively  to  a  common  origin,  — is  now  so  gener- 
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ally  believed  by  astronomers,  that  it  is  hard  to  realize  that  their 
relationship  was  not  clearly  established  until  less  than  forty  years 
ago.  Such  is  nevertheless  the  fact.  Though  Kepler,  Halley, 
and  one  or  two  others  conceived  the  idea  that  meteors  were  of 
cosmical  origin,  the  prevailing  belief  to  the  close  of  the  eighteenth 
century  was  that  they  were  due  to  "atmospheric  perturbations, 
exhalations  of  sulphur,  ignes  fatui,  and  so  forth,"  while  such 
eminent  men  as  Laplace  and  Olbers  thought  it  more  probable 
that  the  meteors  were  composed  of  matter  discharged  from 
volcanoes  on  the  Moon.  Observational  data  concerning  these 
phenomena  began  to  accumulate  in  the  early  part  of  the  nine- 
teenth century,  observation  being  greatly  stimulated  by  the 
Leonid  shower  witnessed  by  Humboldt  in  1799,  and  by  the 
celebrated  display  of  1833.  After  seeing  the  latter,  and  reading 
Humboldt's  account  of  the  former,  Olmsted  was  led  to  the 
conclusion  that  the  appearance  was  due  to  the  Earth's  passage 
u  through  a  storm,  so  to  speak,  of  planetary  bodies."  He  also 
first  detected  that  the  meteors  of  a  shower  radiate  from  a  definite 
region  of  the  sky — the  radiant  point. 

In  the  period  from  1833  to  1866  progress  was  rapid.  Observ- 
ers in  Europe  and  America  were  zealous  in  collecting  data,  and 
Newton,  Adams,  Erman,  Kirkwood,  A.  S.  Herschel, 
and  many  others  were  eagerly  seeking  the  solution  to  the  prob- 
lems presented.  Newton  traced  the  recurrence  of  the  Leonid 
shower,  at  intervals  of  about  thirty-three  years,  back  to  the  year 
902;  Adanis  determined  with  great  accuracy  the  revolution 
period  of  the  swarm  from  which  the  shower  proceeds;  and  at 
about  the  same  time  Schiaparelli  concluded  that  the  orbit  of 
this  swarm  must  be  an  elongated  ellipse  resembling  the  orbits 
of  comets,  rather  than  the  nearly  circular  planetary  orbits.  The 
existence  of  many  other  radiants  in  the  sky  was  established,  and 
the  study  of  the  so-called  sporadic  meteors  brought  to  light  the 
diurnal  and  annual  variations  in  their  frequency  and  the  relation 
of  these  variations  to  the  orbital  motion  of  the  Earth  and  to  the 
movement  of  the  solar  system  in  space. 

Finally,  Schiaparelli,  in  1866,  computing  an  orbit  for  the 
August  meteors,  the  Perseids,  upon  the  assumption  that  their 
path  was  nearly  parabolic,  arrived  at  elements  that  were  prac- 
tically identical  with  those  of  Tuttle's  comet  of  1862,  and  thus 
completed  the  proof  of  the  cosmical  origin  of  meteors. 

Schiaparelli,  therefore,  was  but  one  of  many  toilers  in  this 
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field,  and  as  in  the  case  of  nearly  all  great  advances  in  scientific 
thought,  his  discovery  had  been  foreshadowed  and  almost  antici- 
pated by  some  of  his  predecessors.  But  this  does  not  in  the  least 
detract  from  the  merits  of  his  achievement  The  actual  discovery 
was  his,  and  it  is  his  distinction  that  by  approaching  the  problem 
from  a  higher  point  of  view  and  bringing  to  bear  upon  it  a  keener 
power  of  analysis,  he  was  able  to  correlate  the  diverse  phenomena 
and  frame  a  comprehensive  theory  that  would  account  for  them 
all.  So  thoroughly  did  his  writings  on  this  subject,  from  1863 
to  1872,  cover  the  ground,  and  so  clearly  did  they  point  out  the 
lines  along  which  investigation  should  proceed,  and  the  difficulties 
that  remained  to  be  overcome,  that  it  may  be  said  that  the  pro- 
gress of  the  past  thirty  years  in  this  important  branch  of  astronomy 
has  been  mainly  the  elaboration  of  his  ideas. 

So  far  we  have  called  attention  only  to  Schiaparelli's 
researches  within  our  own  system, — for  meteors  and  comets  may 
be  regarded  as  at  least  temporary  members  of  the  family  of  the 
Sun, — but  no  sketch  of  his  career,  however  brief  and  inadequate, 
can  omit  mention  of  his  notable  contributions  to  our  knowledge 
of  the  systems  of  the  stars. 

A  student  under  Otto  Struve,  a  friend  of  Baron  Dembow- 
ski,  it  is  not  strange  that  he  should  have  been  attracted  to  the 
study  of  double  stars.  Nor,  remembering  his  habits  of  thorough- 
ness, persevering  industry,  and  attention  to  details,  is  it  surprising 
that  both  the  quality  and  the  quantity  of  his  work  in  this  field  en- 
title him  to  rank  with  the  Struves,  Dembowski,  and  Burnham, 
as  one  of  the  great  double-star  observers  of  the  century.  Nearly 
12,000  observations  of  double  stars  are  the  result  of  his  twenty- 
five  years'  labors  with  the  8- inch  Merz  equatorial,  from  February 
7,  1875,  to  May,  1886,  and  with  the  18-inch  Repsold  equatorial, 
from  1886  on.  As  his  observing-list  has  always  included  the 
more  important  systems  in  reach  of  his  instrument,  the  more 
interesting  binary  stars  often  being  measured  on  as  many  as  ten 
or  fifteen  nights  in  a  year,  it  would  be  difficult  to  overestimate 
the  value  of  this  great  mass  of  material  to  the  double-star  student 
of  the  present  day;  and  its  value  will  increase  rather  than 
diminish  with  the  lapse  of  time. 

Though  he  has  now  retired  from  the  directorship  of  the  Milan 
Observatory,  I  do  not  understand  that  Professor  Schiaparelli 
has  given  up  his  astronomical  studies.  In  the  larger  leisure  that 
he  now  enjoys,  we  trust  that  he  may   continue  the  researches 
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that  have  made  him  famous,  and  may  still  further  advance  our 
knowledge  of  the  worlds  about  us. 

I  hand  the  Bruce  Medal  to  you,  Mr.  Secretary,  to  transmit  to 
Professor  Schiaparelli  with  the  assurance  of  the  high  esteem 
in  which  we  all  hold  his  name,  and  with  the  expression  of  our 
heartiest  good  wishes  that  he  may  long  enjoy  the  honors  to  which 
his  great  services  have  entitled  him. 

March  29,  1902. 


ASTRONOMICAL   OBSERVATIONS   IN   1901. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 
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id. 


"Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  48,  page  69. 
Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  73.  page  56. 
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October 


November 


9'. 

11: 

26: 

29: 

30: 

1: 

3: 

9: 


=  f. 

id. 

a  little  <  e. 

=  e. 

id. 

id. 

id. 

id. 


November  20: 


>e. 

<d. 
22:     id. 

24:     almost  =  d. 
26:     id. 
30:     id. 
December     2:     id. 

4:  =d. 


T  Ursa  majoris.* 


January       10:      T 

February      6 

11 

'5 

24 
March  9 

13 
20 

23 

May  4 

21 

August        17 

24 
September    2 

7 
12 

19 

January  10: 
February  6 : 
August  17: 
September    2 : 

7: 
21: 


<c. 

>d. 
|<e. 

l>f- 
a  little  >  f. 

=  f. 

invisible, 
id. 

utmost  faint, 
id. 

invisible, 
id. 

a  little  >  a. 
<a. 
L>b. 
id. 
id. 

a  little  >  b. 
id. 


September 
October 

November 


21: 
24: 


December 


11: 

26: 

30: 

1: 

3^ 

9: 

20: 
22: 
24: 
26: 
30: 
2: 
4: 


W Pegasi. 


W  invisible, 
very  faint. 
=  e. 

<e. 

(a  little >g. 
(  almost  =  f. 
=  h. 


October  9 
29 

November    3 

9 

30 

December    4 


=  b. 
(<b. 
l>c. 

{>i 

=  e. 
id. 
id. 
id. 

I<e. 

l>f.. 
invisible. 

id. 
id. 
id. 
id. 
id. 
id. 


very  faint. 

<h. 

id. 

invisible 
id 
id. 


Nova  Persei. 


The  star  was  discovered  by  Thomas  D.  Anderson,  in  Edin- 
burgh, on  the  22d  of  February,  in  the  forenoon,  at  half-past  two 
o'clock,  and  was,  before  news  about  the  discovery  had  reached 
our  country,  also  seen  by  Laursen  Nordvig,  in  Maarslet,  near 


*Vi<U  the  sketch  In  the  Publications  A.  S.  P.,  No.  22,  page  63. 
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Aarhus,  in  Denmark, 
at  Odder:— 

Feb.  23,  6h  30"  p.m.  Brighter 
than  Capella,  om.  1 ; 
blue  white. 

24,  5h  30"  a.m.    Brighter 

than  Vega. 

25.  7h  3om  P-m.     om.8o. 
28,  8h  30"  p.m.     iB.78. 

Mar.     4,  8h  p.m.     A  little  >  8 
Persei. 
9,  ioh  p.m.    4". 79;  deep 
red. 


Apr.  21,  10*  p.m.     =30  Fl.= 

5"4i. 

23.  9h  3°m  p.m.  4"1,  very 
bright;  with  visual 
spectroscope  a  red 
line  was  seen. 

24i    9*30b,p-M.  =3oFl. 

25,  ioh  p.m.     5". 6. 

28,  nh  p.m.  5m.5.  Red. 
1,  ioh  30"  p.m.    6m. 

3,  9h30mp.M.    5".  4. 

4,  9h  3Qm  P-M.    6m. 
10,  nh  p.m.     id. 

13,  nh3omp.M.  =32F1. 
=  5-.i. 

21,    IOh  3om  P.M. 

June  29,  nh  5ora  p.m. 
July   20,     ih  A.M. 

Aug.  17,  ioh  P.M. 

19,  ioh  P.M. 


The  following  observations  were  made 


19,  8h  p.m.  5-6";  the  sky 

partly  clouded. 

20,  7*  30"  p.m.      A  little 
<  v  Per  set. 

22,  8h  p.m.  5m;  deep  red. 


May 


5m-3. 
6m. 


Sept. 


24. 
2, 
3, 


IOn  P.M. 
9h  P.M. 
9h  P.M. 


6ra. 

6".4. 

6m.6. 

6m.3. 

id. 

id. 


23, 

9h  p.m.   =  v Persei  = 
3"9- 

26, 

9h  p.m.    5m. 

rclou 

29. 
ded 

9*  15"1  p.m.    5B.36. 
for  twenty-three  days. 

Sept 

7, 

9h  p.m.     id. 

12, 

ioh  p.m.     6m.6. 

20. 

nh  30"  p.  m.     id. 

21, 

ch  p.m.     6m.5. 

24, 

9h  p.m.     id. 

Oct. 

9. 

9h  p.m.     id. 

11, 

7*30"  p.m.     7m.o. 

29> 

8h  p.m.     6™. 8. 

3i, 

6h  p.m.     id. 

Nov 

1, 

8h  p.m.     id. 

2, 

8h  p.m.     id. 

3. 

8*  p.m.     id. 

9. 

8b  p.m.     id. 

20, 

6h  30™  p.m.     7m.2. 

22, 

9h  p.m.     7m.5. 

23. 

IIh  P.M.       7"\2. 

26, 

6h  p.m.      id. 

30, 

6h  p.m.     7m.o. 

Dec. 

4. 

6h  p.m.      7™.  5. 

6, 

6h  3om  p.m.     7m.2. 

8, 

9b  p.m.     id. 

Shooting  Stars. 
Simultaneous  observations  on  meteors  were  made  from  several 
stations  in  Denmark  and  Sweden.  From  the  northwestern  ram- 
part of  the  ancient  Uranienborg,  where  Tycho  Brahe  made  his 
admirable  observations,  more  than  three  hundred  years  ago,  I 
watched  the  shooting-stars  on  the  9th,  10th,  and  nth  of  August, 
and  the  paths  of  one  hundred  such  meteors  were  drawn  upon  the 
map.     From  all  the  stations  417  meteors  were  observed. 
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PLANETARY    PHENOMENA    FOR   MAY    AND    JUNE, 

1902. 


By  Malcolm  McNeill. 


May. 

There  will  be  a  partial  eclipse  of  the  Sun  on  May  7  th.  It  is 
rather  larger  than  the  one  on  April  8th,  the  maximum  obscura- 
tion being  about  five  sixths  of  the  Sun's  diameter,  but  it  is  visible 
only  in  the  South  Pacific.  New  Zealand  is  about  the  only  large 
land-mass  in  its  path. 

Mercury  is  an  evening  star  throughout  the  month,  having 
passed  superior  conjunction  on  April  28th.  At  the  beginning 
of  May  it  is  too  near  the  Sun  to  be  seen;  but  by  the  end  of  the 
first  week  it  is  far  enough  away  to  show  in  the  evening  twilight, 
and  for  the  last  ten  days  of  the  month  it  remains  above  the  horizon 
nearly  two  hours  after  sunset.  It  reaches  greatest  east  elongation 
(230)  on  May  28th.  This  is  rather  smaller  than  the  west  elonga- 
tion in  March,  but  is  better  than  the  east  elongation  in  February. 
It  gives  the  best  opportunity  of  the  year  for  seeing  the  planet. 

Venus  is  still  morning  star,  and  throughout  the  month  rises 
about  two  hours  before  sunrise.  It  passed  its  greatest  west 
elongation  in  April,  and  the  distance  between  the  planet  and  the 
Sun  is  beginning  to  diminish,  but  the  rate  is  as  yet  very  slow,  less 
than  i°  for  the  month. 

Venus  will  be  perceptibly  less  bright  than  it  was  during  April, 
but  no  other  planet  will  compare  with  it. 

Mars  is  drawing  a  little  farther  away  from  the  Sun,  but  is  still 
too  near  for  naked-eye  observation.  By  the  end  of  the  month 
it  rises  a  little  less  than  an  hour  before  sunrise.  It  reaches  its 
maximum  distance  from  the  Earth  on  May  20th.  It  is  then 
226,000,000  of  miles  away  from  us,  about  8,000,000  less  than 
its  average  maximum. 

Jupiter  rises  earlier  than  during  April  —  before  midnight  by 
the  end  of  May;  so  it  is  getting  into  good  position  for  early- 
morning  observation.  It  is  still  in  the  constellation  Capricorn^ 
and  moving  eastward,  but  at  a  much  diminished  rate,  only  20 
during  the  month. 

Saturn  rises  about  an  hour  earlier  than  Jupiter,  and  by  the 
end  of  the  month  is  far  enough  above  the  horizon  to  be  seen 
with  the  naked  eye  at  midnight.  It  ceases  its  eastward  motion 
among  the  stars  on  May  8th  and  begins  to  retrograde,  but  very 
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slowly.     Naked-eye  observations  will  show  very  little  change  in 
its  position  during  the  month. 

Uranus  rises  early  enough  for  late  evening  observations 
toward  the  close  of  the  month.  It  is  in  Ophiuchus  between 
Sagittarius  and  Scorpio,  and  moves  about  i°  westward  during 
the  month. 

Neptune  is  still  in  the  evening  sky,  but  sets  earlier.  It  is  in 
conjunction  with  Mercury,  the  latter  passing  about  30  north,  on 
May  29th. 

June. 

The  Sun  reaches  its  maximum  declination  at  the  summer 
solstice  June  22d,  1  a.m.,  Pacific  time. 

Mercury  is  still  an  evening  star,  and  remains  in  good  position 
for  observation  until  nearly  the  middle  of  the  month.  This 
prolonged  period  of  visibility  —  over  a  month  —  is  due  partly 
to  the  fact  that  it  is  in  aphelion  on  June  17th,  and  hence  its  elon- 
gation from  the  Sun  is  greater  than  the  average.  After  the  middle 
of  the  month  it  rapidly  approaches  the  Sun  and  reaches  inferior 
conjunction  on  June  23d. 

Venus  still  keeps  up  its  relative  position  with  respect  to  the 
Sun,  and  the  interval  between  the  rising  of  the  planet  and  that 
of  the  Sun  increases  about  a  quarter  of  an  hour,  although  the 
apparent  distance  diminishes  about  20.  The  reason  for  the 
increased  interval  is,  that  Venus  is  still  moving  northward,  while 
the  Sun  begins  to  move  southward  at  the  solstice,  on  June  22d, 
this  causing  a  greater  change  in  relative  time  of  rising  than  the 
change  in  the  opposite  direction  caused  by  diminution  of  distance. 

Mars  is  drawing  a  little  farther  away  from  the  Sun,  and  by 
the  end  of  the  month  rises  about  an  hour  and  a  half  before  sun- 
rise; but  it  will  not  be  an  easy  object,  on  account  of  its  faintness. 

At  the  end  of  June  Jupiter  will  rise  before  10  p.m..  It  ceases 
its  eastward  motion  and  begins  to  move  westward  on  June  6th. 
By  the  end  of  the  month  it  will  have  moved  about  i°,  and  will 
be  in  about  the  same  position  it  held  in  the  middle  of  May,  in 
the  eastern  part  of  Capricorn. 

Saturn  is  in  the  western  part  of  the  same  constellation,  and 
is  also  moving  westward,  not  quite  20  during  the  month.  It  can 
now  be  made  out  easily,  before  midnight  or  earlier,  toward  the 
end  of  the  month. 

Uranus  is  above  the  horizon  practically  the  whole  night,  and 
comes  to  opposition  on  June  10th.     It  moves  westward  about  i°. 
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At  the  beginning  of  the  month  it  is  a  little  less  than  2°  north 
of  the  third- magnitude  star  0  Ophiuchi. 

Neptune  is  in  conjunction  with  the  Sun  on  June  23d,  and 
changes  from  an  evening  to  a  morning  star. 

May-June,  1902. 
Phases  of  the  Moon,  P.  S.  T. 


New  Moon 
First  Quarter 
Full  Moon 
Last  Quarter 
New  Moon 
First  Quarter 
Full  Moon 
Last  Quarter 


1902, 

May 


June 


May 


June 


May 


1, 
11, 
21, 

31, 
10, 
20, 
30. 

1, 
11, 
21, 

3i. 
10, 
20, 
30, 


R.  A. 

2*31" 
3  10 
49 
30 
11 
52 
34 


Declination 

+  i4°52' 

—  17  42 
4-  20  03 
--21  49 
--22  58 
--23  26 

—  23  13 


.  May 
.  May 
.  May 
.  May 
.  June 
.  June 
.  June  20, 
.  June  28, 

The  Sun. 

Rises. 


7, 
i4» 
22, 

30, 

5. 

12, 


2D 

5 

2 

4 
10 

3 
6 


45"  p.m. 

40      A.  M. 

46 
CO 
II 

54 
17 
52 


P.M. 


Transits. 


Sets. 


42 
6 

19 
8 

27 
14 
52 


5' 

4  55 
4  45 
4  39 
4  36 
4  36 
4  39 
Mercury. 

+ 15  56    5  12  A.M.  12 

+22  40    5 

+25  27    5 

+  24  57  6 

+  22  39  5 

+  20  03  5 

+  18  44  4 


5mA.M.  Ilh57n,A.M.  6h49"P.M. 


11  56 

11  56 

11  57 

11  59 

12  1 

12  3 


P.M. 


57 
7 

15 
22 
26 
27 


1,  23  39 
n,  o  18 
o 


June 


May 


June 


21, 

3i» 
10, 
20, 
30> 

1, 
11, 
21, 
3i, 
10, 
20, 
30, 


58 
40 

23 

8 

54 

4 

32 

1 

3i 
o 

30 
o 


+ 
+ 
+ 
+ 


2  56 

o  29 
4  13 
8  3 

+  11  48 
+  15  16 
+  18  16 


-f-  12  10 

+  14  4i 
+  16  58 
+  18  58 
+  20  39 
+  21  59 
+  22  59 


3i 
52 
4 
54 
12 

15 
Venus. 

3  15  a.m. 
4 

52 
4i 
3i 
23 

2  20 

Mars. 

4  49 
4  28 
4  10 

3  5i 
3  36 
3  20 
3  6 


8 

53 
26 

36 
15 
23 
21 


5 

5 

6 

8 

1 1 

16 

24 


P.M. 


7  4 

8  15 

9  00 


P.M. 


A.M. 


A.M. 


A.M.  II 

I  I 


30 
19 

11  9 
10  58 
10  49 

10  39 
10  29 


A.M. 


8 

36 

34 

27 

55 
6 
20 
35 
5i 
9 
28 


n 
10 

8 

5 
2 

58 
52 


P.M. 


P.M. 


Astronomical  Society  of  the  Pacific.  49 

Jupiter. 


May 

i, 

21    12 

—  16 

46       1   37    A.M 

[.  6 

39  a.m. 

11  , 

41     A.M, 

June 

i. 

21    20 

—  16 

19      II    42    P.M 

•    4 

45 

9  48 

July 

i, 

21    16 

—  16 

43      9  4i 

►S^  TURN. 

2 

43 

7 

45 

May 

i. 

19  59 

—  20 

35    12  39  a.m 

r-   5 

26   A.M. 

10 

13    A.M, 

June 

i, 

19  5» 

—  20 

43    i°  37  P-M 

•    3 

23 

8 

9 

July 

i, 

19  5i 

—  21 

4      8  33 
Uranus. 

1 

18 

6 

3 

May 

i, 

17  20 

—  23 

12     10     7    P.M 

.    2 

43    A.M. 

7 

19  A.M. 

June 

i, 

17  15 

—  23 

884 

12 

41 

5 

18 

July 

i, 

17  10 

—  23 

2      5  56 
Neptune. 

10 

33   p.m. 

3 

IO 

May 

i, 

5  57 

-j-  22 

20      8     3    A.M 

r-    3 

23  P.  M. 

10 

43   P.M. 

June 

i, 

6     2 

4-  22 

21      6    4 

1 

25 

8 

46 

July 

i, 

6     6 

-f-  22 

21      4  11 

11 

32  A.M. 

6  53 

Eclipses  of  / 

(/p/ter's  Satellites,  P.  S. 

T. 

(Off  left-hand  limb  as  seen  in  an  inverting  telescope.) 

I,  D, 

May     7, 

4h56B 

'  A.M.               III, 

D, 

June,  1, 

9b 

I9BP.M. 

II,  D, 

7> 

11    55 

P.M.                 Ill, 

R, 

2, 

12 

50  A.  M. 

I,  D. 

8, 

11    24 

P.M.                 IV, 

D, 

6, 

11 

26  P.M. 

II,  D, 

15. 

2    29 

A.M.                IV, 

R, 

7, 

3 

59  A.M 

I,  D, 

16, 

1    19 

A.M.                    I, 

R, 

8, 

1 

29  A.M. 

I,  D, 

23i 

3    12 

A.M.                  II, 

D, 

8, 

11 

27  P.M, 

I,  D, 

24, 

9   4i 

P.M.                 Ill, 

D, 

9> 

1 

19  A.M. 

I,  D, 

3i> 

11    35 

P.M.                 Ill, 

R, 

9, 

4 

50  A.  M, 

I, 

D, 

15. 

3 

23  A.M, 

11, 

D, 

16, 

2 

I  A.M. 

I, 

D, 

16, 

9 

12  P.M. 

II, 

D, 

23> 

4 

35  a.m. 

IV, 

R, 

23. 

10 

7  P.M. 

I, 

D, 

23. 

11 

46  P.M. 

APPROXIMATE     ELEMENTS     OF     THE    ORBITS    OF 
THE  COMETS   FROM    1896  TO    1901. 


By  W.  J.   Hussey. 


In  number  50  of  these  Publications  (June,  1896),  a  number 
of  tables  compiled  by  the  late  Professor  Winlock  are  printed, 
giving  the  approximate  elements  of  all  computed  orbits  of  comets 
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from  B.  C.  372  to  A.  D.  1896.  The  following  table  of  the 
approximate  elements  of  the  comets  which  have  appeared  during 
the  years  1896  to  1901,  inclusive,  is  intended  as  a  continuation 
of  Professor  Winlock's  first  table,  and  it  is  arranged  in  the 
same  manner: — 


o 

H 
00 


.  <  « 
H  «  Q 
klti 


tf       k  a: 

LJ    ■    <  ^    *  M    * 

H       £  e.  -       w  a       w  aj 


5  «  o  «  • 

O  —  *:  oc  —  5E  h 

U  «  O  j  as  C  E 

<  fl£  a  <  at  o  - 

—  tt  O  £  1  t£  s 


-J 
.  ^  o  m.  E 

^h  —  o£  —  r*5 


o 


o 
u 

w 
X 
H 

U< 

O 

H 

s 

a* 

o 

u 

H 


^3 

H 

W 


w 

H 
< 


X 

o 

a, 
< 


"  0 


6  6  6 


p*  ^r  *n   ' 

f^-00    ■*>     ,      ' 

odd   *   J 


w 


000 


£*    '    '  vo  r*.vo    +  vo 


.   O^OflO 

.  ov  r*.  p* 

"  VO    f>lO 


VO        O 


!  M    .  *• 

:*o  :  w 

*    «*3     *    ft 


u  o   . 

fill 

g  am 


in  r**  m  ~*  -*r  &■>  ~  o  ^fio  os  »*>^o  *o*o  r^ft*tfr*.rT.^Qi<orxPr-}0^ft'*},I         "O 


GQn^QuftCQOr*! 


C*  r*1^0   T^O   H   r-^wt^^o   itjO    ^Pi    a*Q    a^l/sOx^niO   *ft^O   0\1  iflC^1-   o> 


^  1 


:  E  8 

c  O  *» 


ion   SO  msQ   OflD 


fjO    t^*T*C    rriOrrvO    O   ^   l-'-'O   O^vO   f  iflO   o 


■30    - 

3S 


"1      —  H^      «      ^,       ' 


;^S5 

•   «  ";  i 

>  «  s 
<  o  a 


fcSr 


ft  f*        -1   p- 


^  d*  r^.  O  ^O  f  ^too  r^JO  i^O  r^  ^a-  ^*o  tt  □   0  <*5  *o  f^  ^TOO  tr>  O^  ^-00  ^  10 


0  c    .  . 

w  O    II  V 

2  °  c  E 

«C  V3  O  O 


^         —        "O 


^GvoyD^^Oio  ^O  i>*r>  o»oo  ocoOsoyj'Xao^oCQO  Oct^o^^OO   O  O   M  w 


QCQW 

X    II  ii  II 
.2   <  o 


:u 


O   ^   ft  **>  ^t  >o^5   t^3C    OS  O   —    ft   **5  rr  U">VD   r^co   C7*  O   —    ft   rD  -*•  \n\D    r^  3D   ^  i 

«  ft  ft  n  «  r*  cm  ci  n  pi  f^Tn^por^J,f^**jrfjr*-j<<)^r-^T3-Tr-3-i-r,q'TT^-^rl 


Astronomical  Society  of  the  Pacific.  51 

THE    STARS:     A    STUDY    OF    THE    UNIVERSE.     By 
Professor  Simon  Newcomb. —  A  Review. 


By  W.  W.  Campbell. 


Centuries  ago  the  starlike  points  that  we  see  in  the  sky 
were  classified  as  planets  (wanderers)  and  fixed  stars.  Modern 
observations  have  shown  that  the  term  fixed  is  a  misnomer:  that 
the  stars  are  in  reality  moving  more  rapidly,  on  the  average, 
than  the  planets.  Professor  Newcomb  has  appropriately  chosen 
the  simple  title  of  "The  Stars"  for  his  most  interesting  and 
suggestive  book. 

The  study  of  the  stars  resolves  itself  into  the  consideration 
of  two  great  subjects, — perhaps  the  greatest  subjects  in  the  whole 
realm  of  pure  knowledge,  viz. : — 

I.     The  Structure  of  the  Universe. 
II.    The  History  of  the  Universe. 

All  the  researches  of  the  astronomers  of  the  past  and  present 
are  but  minor  contributions  to  the  solution  of  these  main  prob- 
lems. Professor  Newcomb*  s  book  touches  lightly  upon  the 
second  subject — indeed  the  present-day  data  are  entirely  too 
meager  to  warrant  its  serious  consideration; — but  he  has  entered 
boldly  upon  a  determination  of  the  Structure  of  the  Universe. 
He  has  written  excellent  chapters  on  the  cataloguing,  the  pho- 
tometry, the  motions,  the  parallaxes  of  the  stars;  and  the  seven 
concluding  chapters,  combining  the  results  in  the  various  depart- 
ments of  investigation  in  an  effort  to  solve  the  main  problem, 
are  of  surpassing  interest.  The  scope  of  the  book  will  be  realized 
best  from  the  following  extract  (Chapter  XIV):  — 

"  First,  we  may  inquire  as  to  the  extent  of  the  universe  of  stars.  Are 
the  latter  scattered  through  infinite  space,  so  that  those  we  see  are 
merely  that  portion  of  an  infinite  collection  which  happens  to  be  within 
reach  of  our  telescopes,  or  are  all  the  stars  contained  within  a  certain 
limited  space  ?  In  the  latter  case,  have  our  telescopes  yet  penetrated  to 
the  boundary  in  any  direction?  In  other  words,  as,  by  the  aid  of 
increasing  telescopic  power,  we  see  fainter  and  fainter  stars,  are  those 
fainter  stars  at  greater  distances  than  those  before  known,  or  are  they 
smaller  stars,  contained  within  the  same  limits  as  those  we  already  know  ? 
Otherwise  stated,  do  we  see  stars  on  the  boundary  of  the  universe? 

"Secondly,  granting  the  universe  to  be  finite,  what  is  the  arrangement 
of  the  stars  in  space  ?     Especially,  what  is  the  relation  of  the  galaxy  to 
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the  other  stars  ?  In  what  sense,  if  any,  can  the  stars  be  said  to  form  a 
permanent  system?  Do  the  stars  which  form  the  Milky  Way  belong  to 
a  different  system  from  the  other  stars,  or  are  the  latter  a  part  of  one 
universal  system. 

44  Thirdly,  what  is  the  duration  of  the  universe  in  time  ?  Is  it  fitted  to 
last  forever  in  its  present  form,  or  does  it  contain  within  itself  the  seeds 
of  dissolution?  Must  it,  in  the  course  of  time,  in  we  know  not  how 
many  millions  of  ages,  be  transformed  into  something  very  different  from 
what  it  now  is  ?  This  question  is  intimately  associated  with  the  question 
whether  the  stars  form  a  system.  If  they  do,  we  may  suppose  that 
system  to  be  permanent  in  its  general  features;  if  not,  we  must  look 
further  for  our  conclusion." 

In  considering  these  questions,  Newcomb  has  taken  the  view 
of  modern  science  that  "  no  answer  is  valid  unless  based  on 
careful  observation."  The  facts  of  observation  described  in  the 
preceding  chapters  are  made  to  bear  with  excellent  judgment  and 
great  skill.  The  valuable  but  more  limited  investigations  by 
Seeliger,  Kapteyn,  Schiaparelli,  and  others  are  utilized  — 
due  credit  being  given.  It  is  impossible  to  describe  in  a  short 
article  the  methods  of  solution  followed;  the  hundred  pages  of 
the  book  devoted  to  their  consideration  cannot  be  condensed, 
but  must  be  read  as  a  whole. 

A  few  of  the  many  conclusions  arrived  at  are  as  follows:  — 
i.    If  we  consider  as  of  unit  volume  the  sphere  whose  radius 
is  200,000  times  the  Earth's  distance  from  the  Sun,  we  may  say 
that  there  is  one  star  on  the  average  for  eight  units  of  volume. 

2.  That  collection  of  stars  which  we  call  the  universe  is 
limited  in  extent.  .  .  .  This  does  not  preclude  the  possi- 
bility that  far  outside  of  our  universe  there  may  be  other  collec- 
tions of  stars  of  which  we  know  nothing. 

3.  The  boundary  of  our  universe  is  probably  somewhat 
indefinite  and  irregular.  As  we  approach  it  the  stars  may  thin 
out  gradually.  The  parallax  at  the  boundary  is  probably  no 
where  greater  than  o".ooi,  and  may  be  much  less.  The  time 
required  for  light  to  pass  over  the  corresponding  interval  is  more 
than  3,000  years. 

4.  The  universe  extends  further  around  the  girdle  of  the 
Milky  Way  than  towards  the  poles  of  that  girdle. 

5.  The  total  number  of  the  stars  is  to  be  counted  by  the  hun- 
dreds of  millions. 

The  work,  as  a  whole,  contains  a  vast  amount  of  information, 
stated  philosophically  and  in  a  manner  adapted  to  the  needs  of 
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the  working  astronomer,  as  well  as  to  the  comprehension  of  the 
general  reader.  The  author's  greater  experience  along  mathe- 
matical lines  is  the  satisfactory  explanation  for  a  weakness  here 
and  there  in  the  astrophysical  chapters.  As  a  case  in  point,  the 
latter  part  of  page  188,  on  the  spectra  of  the  nebulae,  should  be 
rewritten  for  subsequent  editions.  The  strong  chapters  are  those 
in  which  the  author  has  used  the  statistical  method,  and  it  is 
fortunate  that  his  ripe  judgment  was  brought  to  bear  upon  these 
difficult  problems. 


NOTICES    FROM   THE   LICK    OBSERVATORY.* 


Prepared   by   Members  of  the  Staff. 


Observations  of  the  Satellites  of  Saturn* 

This  series  of  observations  —  viz, ,  those  given  in  the  Bulletin 
of  the  Lick  Observatory,  No,  17  —  includes  my  measurements  of 
the  relative  positions  of  all  the  satellites  of  Saturn  except  lapeius, 
the  one  most  distant  from  the  planet;  also,  measurements  of  the 
directions  and  distances  of  Enctladus,  Tetkys,  Diane,  Rkeat 
Titan,  and  Hyperion  from  the  center  of  the  planet,  The  latter 
measurements  were  difficult  to  make,  owing  to  Saturn*  s  large 
size  and  the  unsym metrical  form  of  the  visible  portion  of  the 
planet's  disc.  During  the  years  in  which  these  observations  were 
made  the  rings  had  about  their  maximum  opening,  and  a 
considerable  portion  of  the  planet's  southern  hemisphere  was 
concealed  beneath  them.  In  1S98  and  in  1901  its  south  polar 
region  was  invisible.  This  made  it  impossible  to  obtain  complete 
sets  of  measures  of  the  rectangular  coordinates  of  the  satellites 
from  the  preceding  and  following  limbs  and  from  the  poles  of 
the  planet,  and  such  measures  were  therefore  not  attempted. 
The  position -angles  and  distances  were  obtained  by  bisecting 
the  disc  of  the  planet  with  the  micro  meter- wire.  My  judgment 
as  to  the  position  of  the  center  of  the  disc  was  formed  partly  by 
considering  the  shape  and  size  of  the  visible  portion  of  the  disc 
and  what  would  have  to  be  added  to  it  to  render  its  outline  truly 
elliptical,  and  partly  from  the  configuration  formed  by  the  inner 
edge  of  the  ring  and  the  outline  of  the  planet. 

Measurements  of  the  relative  posit  ions  of  two  satellites  can 
be  made  with  comparative  ease,  and  the  results  so  obtained  are 
less  subject  to  large  systematic  and  accidental  errors  than  those 
just  described.  It  appears  quite  certain  that  improvement  in 
the  theories  of  the  motions  of  the  satellites  of  Saturn  will  be 
made  largely  by  means  of  the  observations  of  the  relative  posi- 
tions of  the  satellites  themselves.    On  this  account,  in  the  present 

*  Lick  Astronomical  Department  of  Lhe  University  of  California. 
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series,  it  has  been  the  first  object  to  secure  as  many  measures 
of  this  kind  as  possible.  During  the  past  year  the  only  satellites 
connected  directly  with  the  planet  were  the  remote  ones,  Titan 
and  Hyperion.  W.  J.   Hussey. 

Residuals    for    Observations    of   the    Satellites    of 
Uranus  and  Neptune. 

I  have  compared  my  observations  of  the  satellites  of  Uranus, 

made   in  1897  and   1898,  with  places  computed  by  means  of 

Professor  Newcomb's  tables  of  their  motions,  given  in  Appendix 

I  of  the  Washington  Observations  for  1873.   The  average  values 

of  the  residuals,  in  the  sense  O-C,  are  as  follows  : — 

Ariel.  .  .  .      +  i°.5         —  o".i9 

Umbriel    .  .     +  2  .0         +  o  .12 

Titania  ...      +1.3         —  o  .05 

Oberon  ...     +  o  .6        — o  .17 

These  residuals,  like  those  recently  published  by  Professor 
Aitken,  show  that  the  satellites  are  slightly  in  advance  of  their 
predicted  places.  The  differences,  however,  between  the  observed 
and  computed  position-angles  are  very  small,  and  would  vanish 
if  the  adopted  mean  motions  were  very  slightly  increased. 

I  have  also  compared  my   observations  of  the  satellite  of 
Neptune  with    places   computed   by    means  of  Dr.   Hermann  . 
Struve's  elements.     The  average  values  are  as  follows : — 

Satellite  of  Neptune  .   .    +o°.2        +C.33 

These  elements  represent  the  observation  on  angle  with  great 
exactness,  all  the  residuals  being  of  the  same  order  of  magnitude 
as  the  probable  errors  of  observation.  W.  J.  Hussey. 

The  Pressure  of  Heat  and  Light  Radiation. 

At  the  meeting  of  the  American  Association  for  the  Advance- 
ment of  Science,  held  in  Denver  in  August,  1901,  a  paper*  by  Pro- 
fessor E.  F.  Nichols  and  Mr.  G.  F.  Hull,  of  Dartmouth  Col- 
lege, was  read,  giving  an  account  of  their  experiments  in  de- 
termining the  pressure  of  heat  and  light.  A  paper  on  the  same 
subject  was  read  by  Professor  Nichols  at  the  meeting  of  the 
Astronomical  and  Astrophysical  Society  of  America  at  Washing- 
ton, in  December,  1901. 

*  Published  in  the  Physical  Review,  Vol.  XIII,  No.  5,  November,  1901. 
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The  experimental  proof  that  such  a  pressure  is  exerted  by 
light  is  of  great  importance  to  astronomy.  Such  a  property  of 
light  offers  a  reasonable  explanation  of  several  very  perplexing 
phenomena,  and  will  doubtless  be  found  to  assist  materially  in  the 
solution  of  others. 

Pressure  of  this  character  was  first  suggested  by  Maxwell 
in  dealing  theoretically  with  the  stresses  in  an  electromagnetic 
field.  Bartoli  later  announced  that  a  similar  pressure  was 
essential  to  one  of  the  fundamental  laws  of  thermodynamics.  He 
failed,  however,  to  detect  such  an  effect  experimentally,  from  the 
difficulty  of  isolating  the  phenomenon.  Other  investigators  have 
discussed  the  problem  theoretically,  and  especially  the  applica- 
tions of  such  a  pressure  td  the  solution  of  various  observed  phe- 
nomena, in  which  many  interesting  results  have  been  reached. 
The  experimental  solution  had  failed,  however,  owing  to  the 
action  of  gases  surrounding  the  body  experimented  upon  which 
it  was  found  impossible  to  eliminate.  The  molecules  of  such  gas 
exerted  pressure  which  completely  masked  the  force  which  it  was 
sought  to  measure. 

Following  are  the  considerations  acted  upon  by  Nichols  and 
Hull  in  their  successful  attempt  to  isolate  this  force  : — 

"  i.  The  surfaces  which  receive  the  radiation,  the  pressure  of  which 
is  to  be  measured,  should  be  as  perfect  reflectors  as  possible.  This  will 
reduce  the  gas-action  by  making  the  rise  of  temperature  due  to  absorp- 
tion small,  while  the  radiation-pressure  will  be  increased  ;  the  theory 
requiring  that  a  beam,  totally  reflected,  exert  twice  the  pressure  of  an 
equal  beam  completely  absorbed. 

"  2.  By  studying  the  action  of  a  beam  of  constant  intensity  upon  the 
same  surface  surrounded  by  air  at  different  pressures,  certain  pressures 
may  be  found  where  the  gas-action  is  smaller  than  at  others. 

"  3.  The  apparatus — some  sort  of  torsion-balance — should  carry  two 
surfaces  systematically  placed  with  reference  to  the  rotation-axis,  and  the 
surfaces  on  the  two  arms  should  be  as  nearly  equal  as  possible  in  every 
respect  save  one — the  forces  due  to  radiation  and  gas-action  should  have 
the  same  sign  on  one  side  and  opposite  signs  on  the  other.  In  this  way 
a  mean  of  the  resultant  forces  on  the  two  sides  should  be,  in  part  at  least, 
free  from  gas-action. 

"4.  Radiation -pressure,  from  its  nature,  must  reach  its  maximum 
value  instantly,  while  observation  has  shown  that  the  gas-action  begins 
at  zero  and  increases  with  length  of  exposure,  rising  rapidly  at  first,  then 
more  slowly  to  its  maximum  effect,  which,  in  most  of  the  cases  observed, 
was  not  reached  until  the  exposure  had  lasted  from  *y2  to  3  minutes. 
For  large  gas-pressures,  an  even  longer  exposure  was  necessary  to  reach 
stationary  conditions.  The  gas-action  may  be  thus  still  further  reduced 
by  a  ballistic  or  semi-ballistic  method  of  measurement." 
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The  apparatus  for  the  observation  of  these  pressures  consisted 
of  a  delicate  and  especially  arranged  torsion  balance  carrying  two 
small  glass  vanes,  one  on  either  side  of  the  rotation  axis.  Each  of 
the  vanes  had  one  of  its  sides  silvered  and  highly  polished.  These 
vanes  were  so  hung  that  the  glass  face  of  one  and  the  silvered  face 
of  the  other  were  turned  to  the  light.  A  beam  of  light  from  an 
arc-lamp  was  allowed  to  fall  in  turn  upon  each  vane,  and  the  de- 
flection of  the  balance  read  by  a  telescope  in  which  was  observed 
the  image  of  a  scale  reflected  in  a  small  mirror  attached  to  the 
balance.  At  the  same  time  that  the  deflection  of  the  vanes  was 
observed  the  intensity  of  the  beam  of  light  was  observed  by  means 
of  a  thermopile  and  galvanometer.  The  balance  was  placed  in  a 
bell-jar  which  was  connected  with  an  air-pump  and  a  large  part 
of  the  air  exhausted.  The  first  observations  consisted  in  allowing 
the  beam  of  light  to  fall  upon  each  vane  for  a  sufficient  time  to 
allow  the  conditions  of  gas -pressure  and  radiation -pressure  to 
become  stationary,  as  indicated  by  the  balance  coming  to  rest. 
This  was  done  for  each  vane  in  succession,  and  observations  made 
at  eight  gas-pressures  between  o.o6Bun  and  96,wn  of  mercury.  The 
results,  however,  showed  such  complicated  gas-actions  at  certain 
pressures  that  no  certain  conclusions  could  be  drawn  as  to  the 
existence  of  a  constant  force  such  as  that  sought.  A  comparison 
of  these  observations  with  the  more  accurate  ones  obtained  later 
by  means  of  short  exposures,  showed  that  in  the  first  series  the 
gas- action  varied  from  one  tenth  to  6  or  7  times  the  actual  pres- 
sure of  light 

In  the  method  of  short  exposures  the  light  was  allowed  to  fall 
on  the  vane  for  6  seconds,  which  was  one  fourth  of  the  period  of 
vibration  of  the  balance  and  the  resulting  deflection  computed 
from  the  known  laws  of  such  a  system.  In  this  way  very  definite 
results  were  secured,  as  showar^the  following  table  : — 


<S*~o 

19.7 

67.7 

21.0 

37.9 

21.6 

36-5 

22.1 

33-4 

21. 1 

1.2 

20.9 

0.13 

26.8 

0.06 

23.2 

Mean,     22.5 
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The  column  p  gives  the  gas-pressure  in  the  bell-jar  in  milli- 
meters of  mercury,  and  column  d  the  permanent  deflection  in 
millimeters  due  to  radiation-pressure.  From  the  known  constant 
of  the  torsion-balance  this  deflection  gives  1.05  X  io~~*  dynes  as 
the  radiation  pressure. 

By  means  of  a  bolometer  constructed  for  the  purpose,  the  en- 
ergy of  the  radiation  causing  these  deflections  was  measured,  and 
it  was  found  to  correspond  to  a  pressure  of  1.34  X  io~4  dynes. 
The  observations,  therefore,  show  78  per  cent  of  the  total  pres- 
sure of  the  beam  indicated  by  the  bolometer  measurements.  Some 
of  the  sources  of  error  in  the  bolometer  results  which  would  tend 
to  bring  the  observations  into  better  agreement  are  indicated  by 
the  investigators. 

According  tp  a  letter  from  Professor  Nichols,  later  observa- 
tions with  improved  apparatus  have  reduced  the  difference  be- 
tween the  pressure  of  the  radiation  as  measured  directly  and  that 
indicated  from  theory,  through  measurements  of  the  beam  of  light 
with  the  bolometer,  to  5  per  cent  This  difference  is  extremely 
small,  considering  the  difficult  nature  of  the  observations. 

Ten  years  ago  Lebedew  explained  the  anomalous  appear- 
ances exhibited  by  the  tails  of  comets  by  assuming  such  a  pressure 
of  light  to  act  in  opposition  to  the  Sun's  attractive  force.  Such 
a  theory  accounts  for  the  different  types  of  cometary  tails  by  sup- 
posing that  the  individual  particles  composing  them  are  of  differ- 
ent sizes. 

As  the  velocity  due  to  gravity  depends  upon  the  mass  of  the 
particle,  while  the  velocity  due  to  radiation-pressure  depends  upon 
the  surface,  the  resultant  will  be  different  for  particles  of  different 
sizes.  Comparatively  large  particles  will  obey  the  force  of  gravity, 
while  in  the  case  of  the  smaller  ones  the  radiation-pressure  will  be 
most  effective  and  will  cause  them  to  move  in  opposition  to  gravity. 
The  smallest  rapidly  moving  particles  would  thus  compose  the 
long,  straight  tails  of  comets,  while  the  short,  curved  tails  would 
be  composed  of  larger  particles.  Particles  still  larger  would  be 
acted  upon  sufficiently  by  gravity  to  cause  them  to  move  towards 
the  Sun. 

This  explanation  of  cometary  phenomena  has  recently  been 
revived  by  Arrhenius,  and  the  theory  of  radiation-pressures 
extended  to  cover  a  number  of  other  phenomena  —  e.  g.,  the  Zo- 
diacal Light,  Gegenschein,  Aurora  Borealis,  etc. 

This  property  of  radiation  must  be  nearly  as  wide-spread  as 


Astronomical  Society  of  the  Pacific.  59 

gravity  itself,  and  will  have  to  be  considered  in  all  theories  relat- 
ing to  finely  divided  matter  at  least. 

It  is  perhaps  not  too  much  to  expect  that  ere  long  we  shall 
know  much  more  of  this  new  property  of  light  and  heat,  espe- 
cially its  relations  to  different  wave-lengths. 

C.  D.  Perrine. 
Mt.  Hamilton,  California,  March  19,  1902. 

Origin  of  a  Disturbed  Region  Observed  in  the  Corona 
of   1901,    May   17-18TH. 

One  of  the  most  conspicuous  features  of  the  recent  eclipse 
was  an  area  of  disturbance  in  the  Corona  off  the  east  limb,  to 
which  I  called  attention  in  my  first  reports.* 

The  disturbance  had  the  form  of  an  inverted  cone,  with  its 
apex  on  or  very  near  the  Sun's  limb.  It  had  the  appearance  of 
being  composed  of  cloudlike  masses  of  matter,  arranged  in  such 
a  manner  as  we  should  expect  if  it  were  the  result  of  an  eruption 
on  the  Sun's  surface.  In  fact,  the  appearance  alone  very  strongly 
suggests  such  an  origin.  Close  to  the  apex  of  this  region  is  a 
long,  slender  prominence,  almost  tangential  to  the  limb,  which 
seems  to  have  had  its  origin  at  the  same  point  as  the  coronal 
disturbance. 

No  spots  or  unusual  faculae  had  been  observed  just  previous 
to  the  eclipse,  nor  were  any  observations  or  photographs  avail- 
able until  recently  with  which  to  investigate  the  question  of 
origin.  Through  the  kindness  of  the  Astronomer  Royal,  Royal 
Observatory,  Greenwich,  the  Lick  Observatory  has  been  supplied 
with  copies  on  glass  of  the  negatives  of  the  Sun  taken  at  Dehra 
Dun,  India,  on  May  17,  18,  19,  20,  21,  22,  26,  and  28,  1901. 
These  photographs  are  on  a  scale  of  j}£  inches  to  the  solar  dia- 
meter and  furnish  the  requisite  data. 

The  photographs  of  May  17th  and  18th  show  no  spots  or  other 
evidences  of  unusual  activity  on  any  part  of  the  Sun's  disc.  On 
the  photograph  of  May  19th,  however,  is  a  spot  of  medium  size 
which  has  just  appeared  around  the  east  limb.  Owing  to  fore- 
shortening, the  spot,  on  this  date,  is  little  more  than  a  line  %'  in 
length,  surrounded  by  faculae.  On  the  20th  it  is  #'  in  length 
(north  and  south),  and  is  followed  at  a  distance  of  }£'  by  several 
small  spots,  forming  a  close  group. 

The  principal  spot  is  compact,  with  well-defined  umbra  and 

•  Lick  Observatory  Bulletin,  No.  9.    Publications  A.  S.  />.,  Vol.  XIII,  p.  196. 
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penumbra,  and  shows  no  unusual  changes  during  the  interval 
covered  by  the  photographs.  The  group  of  small  spots  follow- 
ing, however,  shows  considerable  growth. 

The  following  coordinates  of  the  principal  spot  have  been 
deduced  from  the  plates  of  May  19th  and  28th,  the  longitudes 
being  measured  from  the  center  of  the  disc: — 

Greenwich  Civil  Time.        Longitude.  Latitude. 

1901  May  19,         3h  30"  37s        8o°.7  East         +  9°.o 
28,         7   29    37         46  .7  West       +9.0 

From  these  positions,  the  spot  was  found  to  occupy  the  fol- 
lowing position  at  the  time  of  the  eclipse  in  Padang: — 

Greenwich  Mean  Time.        Longitude.  Latitude. 

1901  May  17,         17*40"  37*         93°.8  East        +9°.o 

Thus  the  spot  was  on  the  opposite  side  of  the  Sun  at  the  time 
of  the  eclipse  and  within  40  of  the  limb.  Following  are  the 
position-angles  of  the  spot  as  projected  on  the  limb,  and  of 
the  apex  of  the  disturbed  area  in  the  corona  observed  on  the 
eclipse  negatives.  Position  ADfte 

Sun-spot    6o°.2 

Apex  of  coronal  disturbance   ....      60  .0 

During  the  period  of  eleven  days  covered  by  the  photographs, 
only  this  one  group  of  spots  was  visible.  In  this  time  almost  the 
entire  solar  surface  was  under  observation. 

From  the  above  position-angles  it  is  seen  that  this  group  of 
sun-spots  occupied  the  same  line  of  sight  as  the  apex  of  the  dis- 
turbed coronal  region.  The  accompanying  illustration  makes 
this  clear.  The  spots  have  been  copied  from  the  Dehra  Dun 
photographs,  and  the  principal  masses  of  the  coronal  disturbance 
were  sketched  in  to  the  same  scale,  from  the  eclipse  negatives 
taken  with  the  40-foot  camera. 

We  have  no  means  of  determining  the  position  ///  the  line  of 
sight  of  the  apex  of  the  coronal  disturbance  other  than  that 
afforded  by  the  angle  of  the  cone-shaped  area.  This  indicates 
an  origin  near  the  limb.  It  can,  therefore,  hardly  be  doubted 
that  this  disturbed  region  in  the  corona  was  in  reality  immediately 
above  the  group  of  sun-spots  and  faculae,  and  that  it  had  its 
origin  in  the  same  disturbance  of  the  Sun's  surface.  The  long, 
threadlike  prominence  alluded  to  seems  likewise  to  have  origi- 
nated in  the  same  group  of  spots  and  faculae. 
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These  observations  indicate  very  strongly  the  intimate  con- 
nection of  all  solar  phenomena.  Sun-spots,  faculae,  prominences, 
and  corona  all  seem,  in  this  instance  at  least,  to  have  had  a  com- 
mon origin. 

The  undoubted  connection  of  this  coronal  disturbance  with  the 
group  of  spots  and  faculae  on  the  surface,  and  its  appearance  so 
strongly  suggested  great  activity,  that  a  set  of  measurements  was 
made  of  some  of  the  best-defined  masses  to  see  if  motion  could  be 
detected.  The  greatest  interval  of  time  available  between  photo- 
graphs of  the  corona  suitable  for  this  purpose  was  but  slightly  over 
five  minutes;  yet  velocities  of  50  or  100  miles  per  second  should 
be  easily  detected.  The  results  fail  to  show  any  certain  indication 
of  motion.  The  uncertainties  of  measurement  of  such  masses  are 
so  large,  however,  that  velocities  of  5  or  10  miles  per  second 
would  not  be  detected.  It  may  be  said  with  confidence  that  the 
velocities  at  right  angles  to  the  line  of  sight  were  not  as  great  as 
20  miles  per  second.  A  comparison  of  negatives  of  the  corona 
extending  over  a  larger  interval  of  time— e.  g. ,  those  secured  in 
Mauritius  and  Sumatra — would  be  valuable  in  this  connection. 

C.  D.  Perrine. 
Mt.  Hamilton,  California,  1902,  March  17th. 

Astronomical  Telegrams. 

(  Translations.) 

Cambridge,  Mass.,  Feb.  2,  1902. 
To  Lick  Observatory:  (Received  4:30  p.m.) 

Kiel  cables  that  Schwab's  Algol  variable  93,1901,  will  be  at 
minimum  on  Feb.  3.89  Green.  M.  T.     Its  period  is  3.38  days. 

(Signed)        E.  C.  Pickering. 

Cambridge,  Mass.,  Feb.  4,  1902. 
To  Lick  Observatory:  (Received  6:35  p.m.) 

Hale  telegraphs  that  Parkhurst  found  Schwab's  variable 
to  be  of  magnitude  8.45  at  23h  46n  G.  M.  T.  Feb.  3;  and  of  mag- 
nitude 8. 10  at  oh  29"  G.  M.  T.  Feb.  4. 

(Signed)        E.  C.  Pickering. 

Mount  Hamilton,  Cal.,  Feb.  10,  1902. 
To  Harvard  College  Observatory,  Q 

Cambridge,  Mass.  9-45     •    •; 

Perrine  finds  that  the  remarkable  coronal  disturbance  seen 
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at  the  Sumatra  eclipse  was  immediately  above  the  prominent  and 
only  sun-spot  visible  during  eleven  days. 

(Signed)        W.  W.  Campbell. 

Mount  Hamilton,  Cal.,  March  13,  1902. 
To  Harvard  College  Observatory.  ,0 

CambridS,  Mass.  (Sent  4=14  P-M) 

From  recent  Crossley  photograph,  Perrine  finds  no  evi- 
dence of  polarization  in  condensations  A  and  D  of  the  nebula 
surrounding  Nova  Persei. 

(Signed)        W.  J.  Hussey,  (in  charge). 


GENERAL    NOTES, 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  carrying  out  the  work  of  this  department.  Communications  of  general  interest  will  be 
gladly  received,  and  may  be  sent  to  Sidney  D.  Townlby,  2023  Bancroft  Way,  Berkeley, 
California.  

Professor  F.  P.  Brackett,  kindly  sent  to  the  Society  a  report 
of  the  observations  of  the  Leonids  made  by  volunteers  from  the 
astronomy  class  of  Pomona  College,  on  the  mornings  of  Novem- 
ber 14,  15,  and  16,  1901.  Unfortunately,  the  manuscript  was 
received  too  late  for  insertion  in  our  last  number.  As  the  observa- 
tions have  since  then  been  printed  in  Popular  Astronomy  (March, 
1902,  p.  165),  we  shall  merely  summarize  them.  In  all,  1,590 
meteors  were  seen  on  the  three  mornings,  1,483  of  them  being 
Leonids.  The  thick  of  the  shower  came  between  3:00  and  5:30 
a.m.,  November  15th,  reaching  a  climax  between  4:30  and  5:00 
a.m.,  when  400  were  seen  in  half  an  hour,  the  average  interval 
being  4  seconds.  The  least  time  for  ten  meteors  was  15  seconds 
from  4h  ora  15'  to  4h  ora  30'.  The  magnitude  and  depth  of  color 
both  increased  with  the  frequency.  At  the  time  of  greatest 
frequency  more  than  a  quarter  of  them  were  of  the  first  magni- 
tude or  brighter,  and  more  than  a  score  were  seen  whose  magni- 
tude, length  of  path,  and  general  appearance  were  magnificent. 


• 4  Veroflentlichungen  des  Koniglichen  Astronomischen  Rechen- 
Instituts  zu  Berlin,  No.  i6,M  has  been  issued  recently.  The 
title  is  "Tabellen  zur  Geschichte  und  Statistik  der  kleinen  Plane- 
ten,"  and  the  work  was  prepared  by  Director  Bauschinger, 
with  the  collaboration  of  Dr.  Neugebauer.  The  work  is* 
arranged  in  about  a  dozen  tables,  and  much  interesting  and  use- 
ful information  is  given. 


Nova  Perse/.  —  In  Number  81  of  these  Publications  I  gave 
a  few  notes  concerning  the  progress  of  our  knowledge  of  the 
new  star  in  Perseus.  This  wonderful  object  is  still  of  great 
interest,  and  nearly  every  astronomical  journal  brings  forth  an 
account  of  some  new  investigation. 

Light  Curve. —  There  is  but  little  to  add  under  this  head. 
The  brightness  of  the  star  is  gradually  decreasing.  It  is  now 
(March  26th)  between  the  eighth  and  ninth  magnitude.  Most 
observers  seem  to  agree  that  the  periodic  variation  of  brightness 
which  was  so  marked  last  spring  has  completely  died  out.  The 
winter  weather  in  Berkeley,  however,  has  been  so  persistently 
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bad  that  it  has  been  impossible  to  make  more  than  a  few  scatter- 
ing observations.  Dr.  Wilson  is  continuing  the  collection  and 
publication  (in  Popular  Astronomy)  of  all  the  magnitude  observa- 
tions that  have  been  made  on  the  star. 

Color. — A  study  of  the  color  of  the  new  star  in  Perseus  has 
led  to  some  interesting  results.  At  greatest  brightness,  the  color 
of  the  star  was  white;  as  it  declined,  it  passed  through  yellow, 
orange,  and  red.  Some  observers  report  that  it  has  a  greenish 
tint  now.  The  most  complete  investigation  of  its  color  has  been 
made,  I  think,  by  Herr  Osthoff,  of  Cologne,  (A.  N.,  Na  3751). 
He  has  collected  numerous  observations  —  not  all — and  reduced 
them  to  a  common  scale,  that  of  Schmidt.  In  this  system  the 
colors  of  stars  are  designated  by  the  numerals  o  to  10  the  signifi- 
cance being  0  =  white;  1  =  yellowish  white,  etc.;  9  =  red,  with 
least  touch  of  yellow;  10  =  red.  Osthoff  has  plotted  his 
results,  and  there  is  almost  a  complete  correspondence  between 
the  resulting  color-curve  and  the  light-curve.  During  April  and 
May,  when  the  star  showed  the  greatest  variations  of  brightness, 
there  were  corresponding  changes  in  color.  At  the  minima  the 
star  was  decidedly  red,  but  there  was  a  considerable  tinge  of 
yellow  in  its  color  at  the  maxima.  For  a  change  of  one  magni- 
tude in  brightness  the  color  changed  about  0.8  of  a  step. 

Spectrum.  —  The  spectroscope  has  provided  a  large  amount 
of  material,  but  no  one  as  yet  has  made,  as  far  as  I  know,  a 
thorough  discussion  of  it.  This  is,  without  doubt,  a  rich  field 
for  study,  and  it  is  to  be  hoped  that  some  one  will  take  it  up  soon. 
The  changes  in  the  spectrum  are  fully  as  interesting  as  those  in 
the  brightness  and  color.  On  the  date  of  discovery  the  spec- 
trum was  continuous,  with  a  few  dark  lines,  but  by  February 
25th  there  were  both  bright  and  dark  lines.  During  March  and 
April  two  distinct  types  of  spectra  were  observed,  called  by  Pick- 
ering the  normal  spectrum  and  the  peculiar  spectrum,  the  chief 
difference  between  them  being  that  in  the  normal  one  the  con- 
tinuous spectrum  was  very  strong,  while  in  the  peculiar  one  the 
continuous  spectrum  was  rather  weak,  and  a  few  bright  lines  were 
very  prominent,  which,  perhaps,  was  due  to  a  fading  out  of  the 
weaker  lines  rather  than  to  any  increased  brilliancy  of  the  brighter 
lines.  H/s,  Hy,  and  Ha  were  among  the  most  prominent  of  the 
brightest  lines.  This  peculiar  spectrum  has  been  called  a  gas 
spectrum.  Pickering  and  von  Gothard  have  found  that  the 
so-called  normal  spectrum  was  always  seen  at  the  time  of  the  star's 
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maximum  of  brightness  and  the  peculiar  (or  gas)  spectrum  at  the 
time  of  the  minimum  of  light.  Sidgreaves  finds,  however,  from 
a  discussion  of  the  observations  made  at  Stony  hurst  and  at  Oxford, 
that  the  changes  of  the  spectrum  follow  not  the  phases  of  the 
light  curve,  but  the  absolute  magnitudes  of  the  star's  brightness. 
He  found  that  the  peculiar  spectrum  always  appeared  when  the 
brightness  was  less  than  4.57  magnitude,  and  that  the  normal 
spectrum  always  returned  when  the  magnitude  became  greater 
than  4.57.  One  spectrogram,  taken  when  the  magnitude  was 
just  4.57  gave  a  spectrum  showing  some  of  the  characteristics  of 
both  the  normal  and  the  peculiar  spectra.  In  June  or  July  the 
spectrum  changed  again,  and  then  showed  the  characteristic  lines 
of  a  planetary  nebula.  It  has  remained  of  that  same  nature 
since  then. 

One  peculiar  thing  about  the  spectrum  of  Nova  Persei,  as 
well  as  of  Nova  Auriga,  is  that  each  bright  hydrogen  line  is 
accompanied  on  the  side  toward  the  violet  by  a  dark  companion 
line.  The  interpretation  given  in  1892  was  based  upon  Dopp- 
ler's  well-known  principle;  that  is,  that  we  were  observing  two 
bodies,  one  giving  a  bright-line  spectrum,  the  other  a  dark-line 
spectrum,  and  the  one  was  moving  toward  us  and  the  other  away 
from  us.  The  displacement  of  the  lines,  however,  was  large  and 
velocities  from  1,000  to  1,500  kilometers  per  second  were  neces- 
sary in  this  explanation.  This  state  of  affairs  might  subsist  for  a 
few  days,  but  hardly  for  several  months,  as  was  observed  in  the 
Nova  Auriga.  Two  other  new  stars  discovered  subsequent  to 
Nova  Auriga  exhibited  the  same  kind  of  spectra,  and  the  new 
star  of  1600,  P.  Gygni,  which  is  still  visible  as  a  faint  star,  showed 
upon  investigation  the  same  spectrum  also.  Other  explanations 
are  now  offered,  and  one  of  the  most  rational  of  these  seems  to 
be  that  proposed  by  Professor  Wilsing,  of  Potsdam.  Hum- 
phrey and  Mohler  found  from  laboratory  experiments  that 
the  wave-length  of  a  line  could  be  changed  by  pressure.  They 
were  able  to  employ  pressures  of  twelve  atmospheres,  but  the 
displacement  was  very  slight.  Wilsing  was  able  to  obtain  much 
greater  pressure  by  utilizing  the  disruptive  discharge  between 
metallic  electrodes  in  water,  which  occurred  with  explosive  violence 
and  caused  a  rise  of  several  hundred  atmospheres  in  the  pressure 
of  the  spark.  In  this  way  he  was  able  to  obtain  displacements 
comparable  with  those  found  in  new  stars.  Wilsing  and  Vogel 
have  explained  the  conditions  of  a  star  necessary  to  give  these 
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great  pressures.  (See  Sitzungsberichte  der  k.  Akademie  der  Wis- 
senschaften  zu  Berlin,  May  and  July,  1899;  also,  Astrophysical 
Journal,  Vol.  X,  pp.  113,  269;  Vol.  XIII,  p.  217.) 

Parallax.  —  No  definitive  determination  of  the  parallax  of  the 
Nova  has  yet  been  made.  Such  as  have  been  made,  however, 
show  that  it  must  be  exceedingly  small,  and  Professor  Kapteyn 
thinks  that  it  cannot  be  over  one  or  two  hundredths  of  a  second 
of  arc. 

Nebulosity.  —  Several  theories  have  been  offered  to  explain 
the  motions  discovered  by  Perrine  in  the  nebula  about  the 
Nova.  If  we  think  that  there  has  been  an  actual  displacement 
of  matter,  and  admit  that  the  parallax  does  not  exceed  one  or 
two  hundredths  of  a  second,  then  velocities  comparable  with  those 
of  light  are  necessary  to  explain  the  observed  displacements. 
This  is  hardly  conceivable,  but  not  on  that  account  impossible. 

Professor  Kapteyn  has  suggested  (A.  N„  No.  3756)  a  theory 
which  has  been  very  favorably  received  by  many.  He  assumes 
that  the  nebulosity,  which  surrounds  the  star,  has  no,  or  only 
very  little,  light  of  its  own,  and  explains  that  the  effect  observed 
on  the  photographic  plate  is  that  of  reflected  light  from  the  star 
itself.  When  the  star  first  broke  forth  into  great  brilliancy,  the 
nebulosity  lying  nearest  to  the  star  would,  of  course,  be  made 
visible  first;  and  as  the  light- waves  traveled  outward  new  por- 
tions would  be  made  visible.  At  the  same  time,  however,  as 
the  brilliancy  of  the  star  began  to  decrease,  the  inner  portions 
of  the  nebula  would  become  less  brilliant  or  entirely  invisible. 
We  would  then  have  portions  of  maximum  brilliancy  apparently 
traveling  outward. 

The  chief  source  of  difficulty  with  this  explanation,  according 
to  Kapteyn,  is,  will  this  reflected  light  be  strong  enough  to 
affect  a  photographic  plate  ?  This  question  was  fortunately  soon 
answered  by  Professor  Seeliger,  of  Munich,  (A.  A7.,  No.  3759,) 
who  explains  that  his  investigations  have  led  him  to  almost 
identically  the  same  conclusions  as  were  reached  by  Kapteyn. 
Seeliger  states,  also,  that  he  has  already  investigated  the  illumi- 
nation of  a  nebula  by  a  star,  and  he  applies  the  criteria  to  the 
case  in  hand.  He  found  that  if  we  had  a  star  and  a  nebula  at  a 
distance  such  that  the  parallax  were  o".oi,  then  a  star  of  the  10.4 
magnitude  would  illuminate  the  nebulosity  to  a  distance  of  10", 
with  an  intensity,  under  certain  conditions,  of  io-7  times  the 
brightness  of  the  full  Moon.    Now,  the  Nova  was,  at  its  brightest, 
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about  twelve  thousand  times  as  bright  as  a  star  of  the  10.4  magni- 
tude, and  Seeliger  finds  that  that  would  have  been  sufficient 
to  illuminate  the  nebulosity  to  a  distance  of  1100".  A  transla- 
tion of  Kapteyn's  article  is  given  in  Papular  Astronomy, 
March,  1902. 

Professor  Wilsing  has  offered  another  explanation  (A.  N., 
No.  3765).  He  thinks  that  we  have  here  a  manifestation  similar 
to  that  exhibited  in  comets;  that  is,  that  the  star  is  possessed  of 
a  repulsive  force  by  which  rarefied  matter  is  driven  off  into  space, 
as  the  matter  of  a  comet  is  driven  off  into  the  tail  by  a  sup- 
posed repulsive  force  of  the  Sun.  The  idea  that  tremendous 
repulsive  or  explosive  forces  may  at  times  be  active  in  a  star  has 
been  expounded  and  developed  recently  by  Professor  Very 
(American  Journal  of  Science \  January,  February,  March,  1902.) 

S.  D.  T. 
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Minutes  of    the   Special   Meeting   of   the   Board   of 

Directors  of    the   Astronomical    Society  of    the 

Pacific,  held  in  the  Rooms  of  the  Society,  on 

Saturday,  November  30,   1901,  at  2  p.m. 

President  Dolbkkr  presided.  A  quorum  was  present 
The  purpose  of  the  meeting  being  the  Fourth  Award  of  the  Bruce 
Gold  Medal,  the  letters  received  from  the  Directors  of  the  six  nomi- 
nating Observatories  were  submitted  by  the  Secretary.  After  a  careful 
consideration  of  the  recommendations  contained  in  these  letters,  the  selec- 
tion of  the  Medalist  was  made  by  ballot,  and  the  following  certificate  of 
bestowal  was  signed  by  all  Directors  present: — 

San  Francisco,  November  30,  1901. 

Fourth  Award  of  the  Brucb  Mbdal. 

We,  the  undersigned  Directors  of  the  Astronomical  Society  of  the 
Pacific,  hereby  certify,  that,  in  accordance  with  the  Statutes  for  the 
bestowal  of  the  Bruce  Medal,  a  special  meeting  of  the  Board  of  Direc- 
tors was  held  this  day,  at  two  o'clock  p.m.,  for  the  purpose  of  awarding 
the  medal  for  the  year  1902;  and  that,  the  provisions  of  the  Statutes 
relating  to  its  bestowal  having  been  complied  with,  the  medal  was 
awarded  to  — 

G.  V.  SCHIAPARELLI, 

for  Distinguished  Services  to  Astronomy,  by  the  consenting  votes  of 
eleven  Directors. 

Signed :  John  Dolbeer,  W.  W.  Campbell,*  Chas.  S.  Crush- 
ing. A.   H.  Babcock.  Chas.  B    Hill,*S.  D.  Townley,*  E.  J. 

Molera,*  Rose  O'Halloran,  C.  D.  Perrine,*  VVm.  M.  Pierson, 
F.   R.  Ziel. 

(*  By  proxy.) 

Adjourned. 


In  answer  to  a  letter  addressed  to  Professor  Schiaparelli,  notifying 
him  of  the  action  taken  by  the  Directors,  the  following  letter  of  accept- 
ance was  received:— 

(translation.) 

Milan,  January  31,  1902 
Honorable  Sir:  Please  accept  my  sincere  thanks  for  your  letter  of 
January  1st,  containing  the  announcement  that  the  Astronomical  Society 
of  the  Pacific  has  bestowed  upon  me  its  gold  medal.  I  hold  this  a  very 
great  honor,  which  I  prize  the  more  as  my  name  is  thus  added  to  the  list 
of  other  eminent  astronomers  for  whom  I  have  the  highest  admiration. 
I  beg  you,  Honorable  Secretary,  to  express  my  profound  gratitude  to  the 
Astronomical  Society  of  the  Pacific  and  its  Directors. 

With  great  and  sincere  regards,  I  am,  yours  devotedly, 

G.  Schiaparelli, 

Milan  Observatory. 

To  the  Secretary  of  the  Astronomical  Society  of  the  Pacific, 
San  Francisco. 
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Minutes  of  the  Special  Meeting  of  the  Astronomical 

Society    of   the    Pacific,    held    in    Hearst 

Hall,  at  Berkeley,  on  Friday  Evening, 

February  21,  1902,  at  8  p.m. 

The  meeting  was  called  to  order  by  Vice-President  Townlby. 

The  chairman  announced  that  the  Bruce  Medal  for  the  year  190a 
had  been  awarded  to  Professor  G.  V.  Schiaparblli,  of  Milan,  and  that 
the  reasons  for  the  award  would  be  given  by  the  President  in  his  address 
at  the  annual  meeting  in  March.  He  also  informed  the  members  that 
the  sum  of  $500  had  been  bequeathed  to  the  Society  by  the  last  will  of 
the  late  Mr.  Morris  Rkiman,  of  Chicago,  who  had  been  an  active  mem- 
ber of  the  Society  for  many  years.  He  then  introduced  the  lecturer  of 
the  evening. 

Dr.  W.  W.  Campbell,  Director  of  the  Lick  Observatory,  gave  an 
account  of  the  meeting  of  the  Astronomical  and  Astrophysical  Society  of 
America,  recently  held  in  Washington,  which  he  attended  as  the  repre- 
sentative of  the  University  of  California.  After  giving  a  summary  of 
the  papers  presented  and  of  the  conclusions  arrived  at  by  the  subsequent 
discussions  of  some  of  the  subjects,  he  exhibited  a  large  number  of 
beautiful  transparencies  on  glass,  representing  the  photographic  work 
done  at  the  Lick  Observatory  in  recent  years. 

The  meeting  then  adjourned. 


Minutes  of  the  Meeting  of  the  Board  of  Directors, 

held     in    the    Rooms    of    the    Society, 

March  29,  1902,  at  7:30  p.m. 

Mr.  Dolbber  presided.  A  quorum  was  present.  The  minutes 
of  the  last  meeting  were  read  and  approved.  The  following  members 
were  duly  elected: — 

List  of  Members  Elected  March  29,  1902. 

Mr.  John  Patten 28-40  S.  Front  St.,  Baltimore,  Md. 

The  Secretary  reported  that,  in  order  to  comply  with  a  recent  ruling 
of  the  Post  Office  Department  regarding  second-class  mail  privileges,  it 
has  become  necessary  to  discontinue  the  printing  of  advertisements  in 
the  Publications. 

It  was,  upon  motion,  resolved  that  the  printing  of  advertisements  be 
discontinued. 
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Minutes  of  the  Annual  Meeting  of  the  Astronomical 

Society  of  the  Pacific,  held  in  the  Rooms  of  the 

Society,   March  29,  1902,  at  8  p.m. 

The  meeting  was  called  to  order  by  President  Dolbbbr.  A  quorum 
was  present.  The  minutes  of  the  last  meeting  were  approved.  The 
Secretary  read  the  names  of  new  members  duly  elected  at  the  Directors1 
meeting. 

The  following  papers  were  presented:— 

x.  Address  of  the  retiring  President,  by  John  Dolbbbr. 

2.  Reports  of  Committees:  on  Nominations;  on  the  Comet-Medal;  on  Auditing;  and 

Annual  Report  of  the  Treasurer. 

3.  Astronomical  Observations  in  1901,  by  Torvald  Kohl. 

41  Planetary  Phenomena  for  May  and  June,  190a,  by  Malcolm  McNeill. 

The  Committee  on  Nominations  reported  a  list  of  names  proposed 
for  election  as  Directors,  as  follows:  Messrs.  R.  G.  Aitkkn.  A.  H.  Bab- 
cock,  W.  W.  Campbell,  Chas.  S.  Cushing,  A.  O.  Leuschnbr,  E.  J. 
Molera,  Miss  R.  O'Halloran,  Messrs.  C.  D.  Pbrrinb,  Wm.  M.  Pier- 
son,  S.  D.  Townlby,  F.  R.  Zibl. 

For  Committee  on  Publication:  Messrs.  R.  G.  Aitkbn  (Chairman), 
J.  D.  Galloway,  Frank  Schlesingbr. 

Messrs.  Richardson  and  Brasch  were  appointed  as  tellers.  The 
polls  were  open  from  8:15  to  9  p.m.,  and  the  persons  above  named  were 
duly  elected  to  serve  for  the  ensuing  year. 

Report   of   the   Committee    on    the    Comet-Medal,  Submitted 

April  i,  1902. 

Th;s  report  relates  to  the  calendar  year  190 r.     The  comets  of  190 1 

have  been:— 

Comet  a  (unexpected  comet)  discovered  April  23d,  at  Queenstown, 
South  Africa,  the  name  of  the  first  discoverer  being  as  yet  unknown. 
The  comet  was  a  conspicuous  object,  and  was  independently  dis- 
covered by  many  persons  in  the  Southern  Hemisphere.  The 
Comet-Medal  has  not  yet  been  awarded. 

Comet  b  (Encke's  periodic  comet)  was  rediscovered  on  August  5th,  by 
Dr.  H.  C.  Wilson,  of  Goodsell  Observatory,  Northfield,  Minn. 
Respectfully  submitted, 

W.  W.  Campbell  (cx-offia'o), 
Wm.  M.  Pierson, 
Chas.  Burckhalter, 
The  Committee  on  the  Comet- Medal. 
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The  Treasurer  submitted  his  Annual  Report  as  follows:— 

Annual  Statement  of  the  Receipts  and  Expenditures  of  the 

Astronomical  Society  of  the  Pacific  for  the 

Fiscal  Year  ending  March  29,  1902. 

GENERAL  FUND. 
Receipts. 

Cash  Balance,  March  31, 1901 $71  19 

Received  from  dues $  991  92 

"           "     sale  of  publications 112  20 

"           "       "    "   stationery 65 

**           "     advertisements 25  00 

•*     Security  Savings  Bank  (interest) 30 

"     Life  Membership  Fund  (interest) 52  01 

"     Lick  Observatory,  for  two  cuts  1898  Eclipse 700 

"  "     Donohoe     Comet-Medal     Fund     (postages  on    medals 

Nos.  1-40) 20  00 

$1,209  08 
Less  transfer  to  Life  Membership  Fund 50  00     1,159  08 

|I,230  27 
Expenditures. 

For  Publications:  printing  Nos.  78  to  81  of  Vol,  XI 1 1 $613  65 

"  "  illustrations 44  45 

I  658  10 

Stationery  and  printing 37  30 

Postages 50  71 

Rent 180  00 

Salary  Secretary-Treasurer 180  00 

Expressages 3  50 

Janitor  and  elevator 2  50 

Gas 1  00 

Taxes 2  44 

Insurance  premiums 21  25 

Lecturer's  expenses 5  00 

Lantern  at  lecture 8  50 

Engrossing  diplomas 2  50 

Bank  exchanges 20     1,153  °° 

Cash  Balance,  March  29,  1902 177  27 

LIFE  MEMBERSHIP  FUND. 

Cash  Balance.  March  31, 1901 $1,603  95 

Received  from  General  Fund 50  00 

Interest  for  1901 52  01 

*i.7°5  96 
Less  transfer  to  General  Fund  (interest) 52  01 

Cash  Balance,  March  29,  1902 $1,653  95 

DONOHOE  COMET -MEDAL  FUND. 

Cash  Balance,  March  31,  1901 $684  13 

Interest  for  1901 22  34 

$7o6  47 

Less  engraving  medal  No.  40 1  00 

"    transfer  to  General  Fund  (postages  on  medals  Nos.  1-40)    ....        20  00         21  00 

Cash  Balance,  March  29,  1902 I685  47 
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BRUCE  MEDAL  FUND. 

Cash  Balance,  March  31, 1901 $z»S77  97 

Interest  for  1901 78  25 

1*65622 
February  19, 1902,  Remittance  to  A.  Dubois,  for  one  cold  medal  (fourth  award)  .      102  15 

Cash  Balance,  March  29, 1902 $2,554  07 


ALEXANDER  MONTGOMERY  LIBRARY  FUND. 

Cash  Balance,  March  31, 1901 $1,543  26 

Interest  for  1901 50  13 

*'»3«  39 
Less  expenditures: 

Popular  Astronomy %  subscription  VoL  10 $  2  50 

Book-shdves  (see  resolution,  page  85.  Vol.  XIII) 3150        3400 

Cash  Balance,  March  29, 1902 $i*559  39 


FUNDS. 

Balances  on  Deposit  as  follows: 
General  Fund: 

with  Donohoe-Ketty  Banking  Co $66  93 

"    Security  Savings  Bank 10  34 

Life  Membership  Fund: 

with  San  Francisco  Savings  Union $603  95 

"    German  Savings  ana  Loan  Society 450  00 

"    Hibernia  Savings  and  Loan  Societ) 600  00 


$77  27 


Donohoe  Comet* Medal  Fund: 


$1,653  95 


with  San  Francisco  Savings  Union $213  99 

'*    German  Savings  and  Loan  Society 230  61 

"    Hibernia  Savings  and  Loan  Society 240  87 

Alexander  Montgomery  Library  Fund: 

with  San  Francisco  Savings  Union $507  19 

"    German  Savings  and  Loan  Society  411  81 

"     Hibernia  Savings  and  Loan  Society 64039 

Bruce  Medal  Fund: 

with  San  Francisco  Savings  Union  .      .  $1,274  5*^ 

"     Security  Savings  Bank 638  34 

"     German  Savings  and  Loan  Society  641   15 


$685  47 


1 1. 559  39 


San  Francisco,  March  29,  1902. 

Examined  and  found  correct. 
Chas.  S.  C 


$2,554  07 
56.530  15 
F.  R.  ZIEL,  Treasurer. 


—     ..„,„  1  Auditing  Committee. 

F.   H.  McConnc«  ■   *■ 


Pushing,  ) 

The  report  was,  on  motion,  accepted  and  filed. 


The  Committee  appointed  to  audit  the  Treasurer's  accounts  reported 
as  follows,  and  the  report  was,  on  motion,  accepted  and  adopted: — 

San  Francisco,  Cai..,  March  29,  1902. 
To  the  President  and  Members  of  the  Astronomical  Society  of  the  Pacific : 

Gentlemen  —  Your  committee  appointed  to  audit  the  accounts  of  the  Treasurer  for 
the  fiscal  year  ending  March  29,  1902,  has,  after  a  careful  examination,  found  the  same  to 
he  correct.  Your  committee  further  reports  that  the  books  of  the  Treasunr  were  found  to 
be  in  first -class  condition,  correctly  indicating  the  status  of  each  of  the  various  funds,  and 
that  proper  vouchers  were  on  file  accounting  for  all  moneys  expended. 

Respectfully  submitted, 


Chas.  S.  Clshing,  )    _ 

c    it    x«   r*  (  Committee. 

F.    H.    McCoNNELL,  ) 
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The  President  then  presented  his  annual  address. 
The  following;  resolution  was,  on  motion,  adopted: — 

Resolved,  That  all  the  acts  appearing  in  the  minutes  of  the  meetings  of  the  Board  of 
Directors  of  this  Society,  as  having  been  done  by  said  Board  during  the  past  fiscal  year, 
are  here  now,  by  this  Society,  approved  and  confirmed. 

Adjourned. 


Minutes  of   the  Meeting  of   the  Board  of  Directors, 

held    in    the    Rooms    of    the    Society, 

March  29,  1902,  at  9:30  p.m. 

The  new  Board  of  Directors  was  called  to  order  by  Mr.  Townley. 
A  quorum  was  present.  The  minutes  of  the  last  meeting  were  approved. 

The  business  in  hand  being  the  election  of  officers  and  committees 
for  the  ensuing  year,  the  following  officers  and  committees,  having  received 
a  majority  of  the  votes  cast,  were  duly  elected:— 

President;  Mr.  C.  D.  Pkrrink. 

First  Vice-President:  Mr.  S.  D.  Townley. 

Second  Vice-President:  Miss  R.  O'Halloran. 

Third  Vice-President:  Mr.  Chas.  S.  Cushing. 

Secretaries:  Messrs.  R.  G.  Aitken  and  F.  R.  Ziel. 

Treasurer:  Mr.  F.  R.  Ziel. 

Committee  on  the  Comet- Medal:  Messrs.  Campbell  (ex  officio)^ 
Pierson,  and  Burckhalter. 

Library  Committee:  Mr.  Townley,  Miss  O'Halloran,  Mr.  Brasch. 
Mr.  Townley  was  appointed  Librarian. 

Finance  Committee:  Messrs.  Pierson,  Cushing,  Babcock. 

The  Committee  on  Publication  is  composed  of:  Messrs.  R.  G. 
Aitken,  J.  D.  Galloway,  Frank  Schlesinger. 

Adjourned. 
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OFFICERS  OF  THE  MEXICAN  SECTION, 


NOTICE. 

The  attention  of  new  members  is  called!  to  Article  VIII  of  the  By-  Laws,  which  provides 
that  the  annua!  subscript  ion,  paid  on  ejection,  ciivers  the  calendar  year  only*  Subsequent 
annual  payments  are  due  on  January  ist  of  each  limnriilif  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  Vecping  as  simple  as  possible*  Uues  sent  by  mail 
should  be  di  reeled  to  AMroiiunm  a  J  Society  o|  the  Pacific,  819  Market  Street^  San  Francisco. 

It  is  intended  thai  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  he  was  elected  to  membership  and  for  aJJ  subsequent 
years.  If  there  have  been  tunforliinaiely)  any  omissions  in  this  matter,  it  is  requested  I  haJ 
the  Secretaries  be  at  once  notified*  in  order  that  the  missing  numbers  may  he  supplied. 
Members  are  requested  lo  preserve  tlie  copies  of  the  Publications  of  the  Society  as  sent  lo 
them.  Once  each  year  a  tiile-page  and  contents  of  the  preceding  numbers  will  also  he  sent 
lo  ihe  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  iu  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  States  can  obtain  books  from  the  Society's  library 
by  sending  his  library  card  with  ten  cents  in  stamps  to  the  Secretary  A.  S*  P.,  819  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  thai  the  order  in  which  papers  are 
printed  in  the  Publicatiani  is  decided  simply  by  convenience.  In  a  general  way,  those 
papers  are  printed  first  which  are  earliest  accepted  fur  publication,  It  is  not  possible  to 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  ilsclf. 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  will 
send  to  any  member  of  the  society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  fallows:  a  block  of  letter  paper,  4a  cents;  of  nole  paper,  25  cents; 
a  package  of  envelopes,  35  cents*  These  prices  include  postage,  and  should  be  remitted 
by  money  order  or  in  U.  S.  postage  stamps.     The  send  ings  are  at  ihe  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  wilh  "The  Secretary  Astronomical  Society  of  the  Pacific" 
at  the  rooms  of  the  Society,  819  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging:,  etc. 


PUBLICATIONS  ISSUED   tft-JlfOMTMLK 
{  February t  Apt  U,  June,  Aufust,  October,  Dtcem&frJ 
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THE  FLASH  SPECTRUM. 


By  S.  A.  Mitchell. 


Advances  in  the  "  new  astronomy  "  were  very  rapid  after 
1859,  when  Kirchhoff  formulated  the  laws  of  spectrum 
analysis.  In  a  communication  to  the  Royal  Society,  April  23, 
1868,  Huggins  gave  the  first  tangible  results  in  the  movements 
of  approach  and  recession  between  the  Earth  and  the  stars,  thus 
confirming  the  Doppler-Fizeau  principle,  announced  about  a 
quarter  of  a  century  earlier.  In  the  same  year,  on  August  18th, 
the  spectroscope  was  first  applied  to  a  study  of  the  Sun  during 
a  total  eclipse.  We  are  all  of  us  familiar  with  Janssen's  obser- 
vations of  the  spectrum  of  prominences,  with  the  fact  that  he 
saw  these  "  red  flames  "  the  next  day  without  an  eclipse,  with 
their  independent  discovery  by  Lockyer,  and  with  the  com- 
munication by  the  two  distinguished  scientists  of  their  results 
to  the  same  meeting  of  the  French  Academy.  These  discoveries 
make  a  most  notable  chapter  in  the  history  of  astrophysics. 

Kirch  hoff's  laws  tell  us  that  the  dark  lines  of  the  solar 
spectrum  are  caused  by  the  absorption  of  light  of  definite  wave- 
lengths as  the  rays  pass  through  the  metallic  vapors  that  sur- 
round the  Sun.  These  vapors  are  at  a  high  temperature,  and  if 
the  more  intense  light  of  the  Sun  could  be  cut  off  by  some 
means,  these  gases  ought  to  shine  of  their  own  light,  and  give 
their  spectrum  of  bright  lines.  Since  these  gases  cause  the 
absorption  spectrum,  the  lines  that  appear  bright  in  the  emission 
spectrum  ought  to  have  the  same  positions  as  the  lines  that 
appear  dark  in  the  Fraunhofer  spectrum,  or,  in  other  words, 
one  spectrum  is  just  the  "  reversal  "  of  the  other.  Thus  reasoned 
Professor  Young.  Since  the  Moon  cuts  off  the  light  of  the 
Sun  at  a  total  eclipse,  Professor  Young,  before  the  eclipse  of 


76  Publications  of  the 

1870,  foretold  the  reversal  of  the  spectrum  at  the  instant  the 
Sun  was  entirely  covered  up  by  the  Moon,  i.  e.  at  the  beginning 
of  totality.  We  can  perhaps  imagine  the  feeling  of  joy  experi- 
enced by  him  in  having  his  investigations  verified  by  seeing 
the  bright  lines  flash  out  for  a  few  seconds  at  the  beginning 
and  ending  of  the  total  phase.  Indeed,  a  great  triumph  for  the 
mind  of  man ! 

But  how  many  of  the  lines  were  reversed  ?  It  seemed  that 
the  flash  spectrum  matched  line  for  line  the  Fraunhofer  spec- 
trum ;  certainly  the  more  prominent  lines  appeared  dark  in  one 
spectrum  and  bright  in  the  other;  but  it  was  impossible  to 
determine  in  a  few  seconds  whether  all  the  lines  of  the  absorp- 
tion spectrum  were  seen  also  in  the  emission  spectrum,  or 
whether  there  were  any  lines  in  the  latter  that  did  not  appear 
in  the  former.  This  question  could  be  settled  only  by  obtaining 
a  permanent  record  of  the  flash  spectrum  by  photography, 
which  was  accomplished  for  the  first  time  in  1893  by  Fowler, 
in  West  Africa,  and  again  in  1896  by  Shackleton,  in  Novaya 
Zembla.  From  investigations  of  the  photographs  of  these  two 
eclipses,  Lockyer  has  found  that  in  the  region  between  F  and  K 
only  three  and  eight  per  cent,  respectively,  of  the  lines  in  the 
solar  spectrum  were  found  in  the  flash.  ("Recent  and  Coming 
Eclipses,"  p.  in.)  He  also  found  that  the  intensities  of  the 
lines  of  the  two  spectra  were  by  no  means  the  same,  and 
decided,  not,  indeed,  without  excellent  reasons,  that  the  one 
spectrum  was  not  the  reversal  of  the  other,  and  that  the  flash 
must  therefore  be  due  to  some  other  cause  than  the  shining 
out  of  the  *'  reversing  layer,"  which,  by  absorption,  causes  the 
Fraunhofer  lines.  Lockyer,  however,  counted  the  number  of 
lines  in  the  solar  spectrum  from  Rowland's  maps,  obtained 
by  a  much  more  powerful  instrument  than  had  been  used  at 
either  eclipse, — a  test,  therefore,  which  was  hardly  a  fair  one. 

The  differences  in  intensity  of  the  two  spectra  were  indeed 
hard  to  explain.  Lockyer  found  that  certain  lines  which 
appeared  stronger  in  the  flash  than  in  the  solar  spectrum  also 
were  stronger  in  the  spark  than  in  the  arc,  and  thought  that 
"  clearly,  then,  the  chromosphere,  as  photographed  in  the 
eclipses  of  1893  and  1896,  is  a  region  of  high  temperature,  in 
which  there  is  a  corresponding  simplification  of  spectrum,  as 
compared   with   the   cooler   region    in    which   the    Fraunhofer 
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absorption  is  produced"  (loc.  cit.,  p.  in);  but  he  does  not  make 
perfectly  clear  how  it  is  that,  when  we  go  from  the  lower 
layers  of  the  Fraunhofer  spectrum  away  from  the 'Sun  to  the 
higher  region  of  the  flash  spectrum,  we  reach  a  higher  tempera- 
ture, instead  of  a  cooler  one,  as  we  would  naturally  expect. 

The  important  spectroscopic  investigations  at  the  Indian 
eclipse  of  1898  were  those  of  Evershed  and  Lockyer,  both  of 
whom  used  prismatic  cameras.  Although  the  wave-lengths  of 
the  flash  lines  given  by  the  two  observers  agree  very  well,  the 
conclusions  drawn  from  them  differ  as  widely  as  possible. 
Lockyer  explains  the  differences  of  intensity,  as  he  did  in  the 
two  preceding  eclipses,  by  saying  that  the  Fraunhofer  spectrum 
is  connected  with  the  temperature  of  the  arc,  while  the  flash  is 
more  nearly  related  to  that  of  the  spark.  Evershed,  on  the 
other  hand,  accepts  Young's  original  explanation  of  the  "  re- 
versing layer,"  and  gives  as  the  cause  of  the  intensity-variations 
the  heights  to  which  the  vapors  ascend  above  the'  Sun's  surface. 

The  cause  of  these  widely  different  explanations  is  found  in 
the  impossibility  of  always  correctly  identifying  the  flash  lines. 
Rowland,  by  using  concave  gratings  of  high  dispersion,  has 
given  a  standard  of  excellence  for  the  Fraunhofer  lines,  to 
which  as  yet,  for  the  flash  spectrum,  we  have  been  able  to 
approach  only  very  distantly.  Photographs  of  the  flash  have 
been  taken  with  a  much  smaller  dispersion  than  that  of  Row- 
land's maps,  with  the  focus  at  times  none  too  exact,  so  that  it 
is  not  at  all  surprising  that  individual  flash  lines  have  been 
assigned  by  different  observers  to  different  elements.  It  is 
only  through  better  determination  of  wave-lengths  that  we 
will  arrive  at  the  correct  interpretation  of  the  solar  phenomena. 

The  only  results  of  the  eclipse  of  1900  so  far  published  are 
those  of  Frost  (Astro physical  Journal,  Vol.  12,  307-351,  1900). 
His  investigations  do  not  show  to  him  any  foundation  for  the 
stress  Lockyer  places  on  "  enhanced  "  lines  in  connection  with 
the  flash,  but,  on  the  other  hand,  lead  him  to  again  confirm 
Young's  investigations. 

In  view  of  these  problems  of  great  interest  to  astronomers, 
it  was  with  great  pleasure  that  the  writer  accepted  the  invitation 
to  become  a  member  of  the  expedition  sent  out  by  the  IL  S. 
Naval  Observatory  to  view  the  Sumatra  eclipse  of  May  18, 
1901.     The  party  consisted  of  eleven— six  members  of  the 
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observatory  staff  and  five  invited  guests.  The  former  included 
Professor  A.  N.  Skinner,  U.  S.  N.,  in  charge  of  the  expedi- 
tion ;  Professor  W.  S.  Eichelberger,  U.  S.  N. ;  Professor  F. 
B.  Littell,  U.  S.  N. ;  Mr.  G.  H.  Peters,  Mr.  W.  W.  Din- 
widdie,  and  Mr.  L.  E.  Jewell,  now  of  the  Johns  Hopkins 
University.  The  guests  of  the  party  were  Professor  E.  E. 
Barnard,  of  Yerkes  Observatory ;  Dr.  W.  J.  Humphreys  and 
Mr.  H.  D.  Curtis,  of  the  University  of  Virginia;  Dr.  N.  E. 
Gilbert,  of  Hobart  College ;  and  the  writer. 

A  second  party,  from  the  Smithsonian  Institution,  consisting 
of  Professor  C.  G.  Abbot  and  his  assistant,  Mr.  P.  A.  Draper, 
accompanied  the  Naval  Observatory  members,  the  two  parties 
sailing  together  from  San  Francisco  on  February  16th.  Gov- 
ernment steamers  carried  the  expeditions  to  their  destination, 
— the  United  States  army  transport  "  Sheridan  "  via  Honolulu 
to  Manila,  the  United  States  steamer  "General  Alava"  from 
Manila  to  Sumatra,  which  was  reached  April  4th. 

Before  arriving  in  the  island  it  had  been  decided  to  occupy 
two  stations  for  observations  on  the  eclipse ;  one,  Solok,  near 
the  central  line  of  totality;  the  other,  Fort  de  Kock,  near  the 
northern  edge  of  the  Moon's  shadow-path. 

When  we  arrived  in  the  East  Indies  it  was  soon  found  that 
clouds  were  likely  to  be  exceedingly  troublesome,  for  at  no  time 
during  the  day  was  the  sky  perfectly  clear.  In  view  of  this,  it 
was  thought  best  to  subdivide  the  party  at  Solok,  and  a  third 
station  was  selected  at  Sawah  Loento,  twenty  miles  beyond 
Solok,  at  the  terminus  of  the  "  Staatsspoorweg  op  Sumatra," 
the  government  railroad  running  inland  from  Padang.  At 
Sawah  Loento  were  already  located  Mr.  and  Mrs.  H.  F. 
Newall,  of  Cambridge,  England,  and  a  party  from  the  Massa- 
chusetts Institute  of  Technology,  under  the  direction  of  Pro- 
fessor Burton. 

The  eclipse  station  was  situated  1,250  feet  above  sea-level, 
the  latitude  and  longitude  being : — 

o°  41'  52"  South, 
ioo°  46'  40"  or  6h  43111  6*7  East. 

The  duration  of  totality  was  calculated  at  f\ve  minutes  and 
forty-one  seconds. 

The  main  work  at  Sawah  Loento  was  spectroscopic.     The 
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spectroscope  consisted  of  a  Rowland  flat  grating  of  15,000  lines 
per  inch,  having  a  ruled  surface  of  3>£X5  inches,  and  a  quartz 
lens  of  3^6  inches  aperture  and  72  inches  focal  length,  made 
by  Brashear,  the  whole  apparatus  belonging  to  the  Naval 
Observatory.  The  grating  was  employed  in  the  manner  which 
gives  a  normal  spectrum,  which  is  the  case  when  the  diffracted 
ray  leaves  the  grating  perpendicularly,  or  the  angle  of  diffrac- 
tion is  zero.  The  attempt  was  made  to  photograph  the  first 
order  spectrum  from  A.  3000  to  A.  6000,  hence  with  A.  4500  at 
the  center  of  the  plates. 

The  day  of  the  eclipse  dawned  clear,  and  our  hopes  were 
that  these  favorable  conditions  would  remain  till  after  totality, 
which  occurred  shortly  after  noon.  First  contact  was  observed 
in  a  perfectly  cloudless  sky,  but  soon  after  this  clouds  began  to 
gather,  and  a  quarter  of  an  hour  before  second  contact  the  sky 
was  completely  overcast. 

The  disappearing  crescent  of  the  Sun  was  watched  by  a 
binocular,  before  one  half  of  which  was  arranged  a  small  plane 
grating  in  such  a  way  that  with  one  eye  the  spectrum  could  be 
seen,  with  the  other  the  Sun  itself.  With  this,  shortly  before 
the  time  of  second  contact,  bright  lines  were  seen  for  a  few 
seconds  at  F  and  H  and  in  several  places  in  the  green  and 
yellow,  but  these  disappeared  almost  immediately, — the  Sun 
being  completely  hidden  by  clouds, — and  the  first  flash  passed 
without  our  being  able  to  see  it. 

Towards  the  middle  of  totality  conditions  became  a  trifle 
better,  so  that  it  was  possible  to  see,  through  clouds,  the  corona 
extending  for  about  half  a  diameter  from  the  Sun,  and  with  the 
small  spectroscope  the  "  coronium "  line  could  be  seen  quite 
distinctly.  During  no  time  of  the  five  minutes  and  forty-one 
seconds  of  totality  was  an  unclouded  view  of  the  corona 
obtained,  but,  nevertheless,  the  second  flash  was  seen  beauti- 
fully. An  hour  after  the  total  phase  the  clouds  cleared  away, 
and  a  perfect  sky  remained  for  the  rest  of  the  day. 

Altogether  eight  plates — or,  rather,  films — were  exposed, 
— one  before  and  one  just  after  totality  for  the  cusp  spectrum, 
one  at  first  and  one  at  second  flash,  and  four  during  the  total 
phase,  with  exposures  of  128,  1208,  908,  and  45s,  respectively. 

The  first  plate  was  taken  ten  seconds  before  the  computed 
time  of  the  second  contact,  and  was  exposed  for  one  half 
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second.  It  shows  the  cusp  spectrum  and  about  sixty  lines 
between  F  and  H. 

As  noted  above,  the  clouds  thickened  at  an  inopportune 
time,  with  the  result  that  nothing  appears  on  the  plate  exposed 
for  the  flash.  The  four  plates  exposed  during  totality  show 
continuous  spectrum  of  a  width  equal  to  the  diameter  of  the 
Sun,  and  extending  from  about  X  4900  to  X  3400,  also  bright 
lines  of  hydrogen  from  H$  to  //17  and  the  helium  line  X  4471.6 
undoubtedly  due  to  the  upper  chromosphere. 

The  second  flash  seemed  fully  exposed  in  spite  of  the  clouds. 

An  exposure  was  made  as  soon  after  totality  as  possible, — 
probably  five  seconds  after  third  contact, — for  the  cusp  spec- 
trum. An  exposure  of  one  half  second  was  given,  the  plate 
closely  resembling  that  made  before  second  contact. 

For  some  reason  the  spectra  were  not  all  of  them  in  perfect 
focus.  As  absorption  lines  suffer  from  this  defect  more  than 
bright  lines,  it  was  found  practically  impossible  to  measure  the 
cusp  spectra.  For  wave-lengths,  we  are  therefore  confined  to 
one  plate, — that  of  the  second  flash.  This  was  exposed  for 
three  seconds,  the  exposure  being  stopped  at  the  first  reappear- 
ance of  the  Sun. 

The  peculiarities  of  this  photograph  of  the  flash  are  two- 
fold:   (1)  The  normal  spectrum,  and  (2)  the  great  dispersion. 

On  the  plate  the  distance  from  F  to  H  is  954mm,  and  as 
the  spectrum  is  normal,  imm  therefore  corresponds  to  a  differ- 
ence of  wave-length  of  9.37  tenth-meters,  or  1  tenth-meter 
corresponds  to  a  dispersion  of  about  0.1 mm.  This  dispersion  is 
about  one  fifth  of  that  obtained  with  the  ordinary  Rowland 
mounting  with  a  grating  of  20,000  lines  and  radius  of  21^  feet. 

The  plate  was  measured  with  one  of  the  Repsold  machines 
belonging  to  the  Columbia  University  Observatory,  by  compar- 
ing the  position  of  the  spectrum  lines  directly  with  a  millimeter 
scale.  Measures  with  this  machine  can  be  made  directly  to 
o.oo5mm,  and  by  estimation  to  o.ooo5mm,  1.  c.  to  0.005  X;  the 
sharpness  of  the  lines,  however,  did  not  permit  them  to  be 
carried  to  quite  this  degree  of  exactness. 

Although  the  spectrum  was  not  in  the  most  perfect  focus, 
in  view  of  the  great  dispersion  measures  could  be  made  with 
a  high  degree  of  accuracy.  Wave-lengths  were  determined  by 
taking  well-defined  standards  properly  distributed,  whose  wave- 
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lengths  were  taken  from  Rowland's  table  of  standard  wave- 
lengths.   Three  independent  measures  of  the  plate  were  made. 

Second  and  third  contacts  were  not  1800  apart,  and  the 
instrument  was  set  up  to  make  a  compromise  between  the  two 
positions.  This  is  the  reason  for  the  inclination  of  the  lines  of 
the  flash. 

Those  who  have  attempted  to  identify  the  bright  lines  with 
Rowland's  map  know  the  difficulty  of  this  undertaking.  Great 
care  was  exercised  in  the  determinations  of  the  wave-lengths, 
and  in  the  comparisons  with  Rowland's  tables.  For  the  flash 
an  arbitrary  scale  of  intensities  was  taken,  where  o  means  a 
line  seen  with  certainty,  10  the  strongest  line,  oo  denotes  a  line 
seen  with  difficulty. 

In  comparing  wave-lengths  of  the  flash  spectrum  with  those 
of  the  solar  spectrum,  it  is  necessary  to  bear  in  mind  two  points : 
first,  we  are  dealing  with  a  dispersion  of  about  one  fifth  of 
Rowland's,  with  the  focus  not  so  exact,  and  therefore  it  will  be 
impossible  to  separate  in  the  flash  the  counterparts  of  close  dark 
solar  lines ;  second,  the  emission  and  absorption  lines  are  formed 
at  different  heights  above  the  Sun's  surface,  and  the  emission 
lines  will,  as  a  result,  be  shifted  (in  this  flash)  towards  the 
violet. 

The  focus  is  best  between  F  and  H,  and  for  the  present 
purpose  this  region  only  will  be  considered.  Neglecting  H  and 
He  lines  and  those  lines  identified  with  groups,  374  lines  were 
measured  in  the  flash  between  F  and  H.  Ninety-one  of  these 
were  unidentified,  and  283  were  identified  with  lines  in  the 
solar  spectrum. 

Two  points  are  immediately  noticed  in  comparing  the  two 
spectra:  first,  for  each  and  every  element,  the  brighter  the 
solar  line  the  brighter  the  flash  line  corresponding  to  it; 
second,  the  intensities  of  the  solar  lines  which  correspond  to  a 
line  of  given  brightness  in  the  flash  differ  with  different  metals. 
Fe  and  Ni  lines  of  intensity  5,  Ti,  Sc,  and  V  lines  of  intensity 
2  are  identified  with  flash  lines  of  equal  strength.  These  dif- 
ferences for  the  various  elements  were  so  marked  that  in  order 
to  arrive  at  their  significance,  and  hence  draw  some  con- 
clusions regarding  the  "  reversing  layer,"  comparisons  were 
made  between  the  flash  and  the  solar  spectrum. 

Although  we  cannot  directly  compare  the  intensities  of  the 
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bright  lines  of  the  flash  (scale  o-io)  with  those  of  the  dark 

lines  given  in  Rowland's  tables  (scale  i-iooo),  we  arrive  at 

certain  theoretical  considerations  if  we  compare  the  ratios  of 

the   average   intensities   of   the   different   elements, — that   is, 

Flash  intensities 

,  and  also  the  ratio  of  the  number  of  lines  of 

Solar  intensities 

each  element  identified  to  the  whole  number  of  solar  lines  for 
that  metal.  Forming  these  ratios  and  arranging  them,  we  are 
at  once  struck  with  the  systematic  variations  not  only  in  the 
ratio  of  intensities,  but  also  in  the  percentage  of  lines  identified. 
The  meaning  of  these  systematic  differences  will  be  under- 
stood if  we  consider  these  ratios  in  combination  with  the  atomic 
weights  of  the  various  elements,  as  is  done  in  the  following 
table,  where  also  are  put  down  the  number  of  lines  of  the  flash 
due  to  each  metal : — 

GROUP   I.      LINES  STRONG  IN  PLASH  AND   IN  SOLAR  SPECTRUM. 


Atomic 
Weight. 

Number  of 

Lines 
Identified. 

Intensity  Flash. 

Number  of  Lines  Identified. 

Element. 

Intensity  Solar  Lines. 

Total  Number  of  Lines. 

Na 
Me 
Al 
Ca 

23.0 

243 
27.1 
40.0 

I 
8 

O.IO 
0.34 

I. OO 

O.38 

GROUP    II.      LINES   STRONG    IN    FLASH,    WEAK    IN    SOLAR    SPECTRUM. 


Sc 

44.1 

Ti 

48.1 

V 

512 

Cr 

52.1 

Mn 

55-i 

Sr 

87.6 

Y 

88.7 

Zr 

90.6 

GROUP 

III.       LIN 

Fe 

56.O 

Ni 

58.7 

Co 

59-o 

6 

62 

15 

38 

27 

2 

2 

9 


0.81 
0.68 
0.68 

°-55 
0.24 
1.08 
0.50 
0.46 


o.75 
0.70 
0.67 
0.69 
0.48 
0.67 
0.67 
0.70 


LINES   WEAK    IN    FLASH,    STRONG    IN    SOLAR    SPECTRUM. 


125 
9 
6 


0.20 
O.36 
O.19 


O.32 
O.28 
O.29 


Looking  at  the  numbers  in  the  last  two  columns,  we  see 
that  the  lines  naturally  fall  into  three  groups,  as  given  in  the 
above  table. 
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To  these  may  also  be  added  the  following  lines : — 

La,  atomic  weight  138.5,  3  lines  at  X  4123.384,  X  4217.720  and  X  4613.544. 
Ba,  atomic  weight  137,  1  line,  at  X  4554.211;  and  the  following  lines  pos- 
sibly identified: 
Si,  atomic  weight  12,  1  line,  at  X  3905.660. 
Zn,  atomic  weight  65,  1  line,  at  X  4810.724. 
Ce,  atomic  weight,  92,  2  lines  at  X  4003.912  and  X  4107.649. 

In  Group  I  would  also  fall  Al,  if  we  consider  the  relative 
intensities  of  the  two  lines  X3944.160  and  X  3971.674;  and 
undoubtedly  Na,  if  our  plate  took  in  the  D  lines. 

The  grouping  of  these  lines  is  exactly  that  adopted  by 
Evershed  from  his  investigations  of  the  Indian  eclipse,  except 
that  I  have  put  Zr  with  Sr  and  V  in  Group  II.  M n  seems  to 
represent  the  transition  from  Group  II  to  Group  III. 

Sir  William  and  Lady  Huggins*  called  attention  to  the 
great  heights  to  which  Ca  extends  in  the  Sun's  atmosphere,  and 
it  is  on  account  of  this  great  extent  that  H  and  K  are  such 
prominent  lines,  not  only  in  the  absorption  spectrum,  but  in 
the  emission  spectrum.  As  EvERSHEDf  has  pointed  out,  the 
remarkable  variations  of  the  relative  intensities  in  the  flash 
and  Fraunhofer  spectra  are  undoubtedly  due  to  the  heights 
to  which  the  vapors  of  the  different  metals  ascend  in  the 
chromosphere.  We  would  naturally  expect  that  these  heights 
vary  according  to  the  atomic  weights  of  the  metals,  those  of 
least  atomic  weights  ascending  to  the  greatest  distances;  and, 
generally  speaking,  this  no  doubt  is  true.  But  if  we  have  two 
gases  in  the  Sun's  atmosphere, — one  a  gas  with  an  intrinsic 
brightness  1  and  a  layer  100  miles  in  thickness, — on  the  photo- 
graph there  would  result  a  line  in  the  flash  spectrum  just  as 
bright  as  for  the  other  gas  of  intrinsic  brightness  100  and  only 
1  mile  thick,  if  the  Sun  and  Moon  were  relatively  at  rest  during 
the  period  of  the  "  flash  " ;  but  considering  the  gradual  advance 
of  the  Moon  in  covering  successive  layers  of  the  Sun's  atmos- 
phere, we  see  that  in  the  emission  spectrum  the  photo- 
graphic brightness  of  the  fainter  gas  would  be  many  times 
that  of  the  brighter.    The  absorption  caused  by  a  gas  depends 

•  Sir  William  and  Lady  Huggins,  "  The  relative  behavior  of  the  H  and  K  lines  of  the 
spectrum  of  calcium,"  Astrophy steal  Journal,  Vol.  6,  77,  1897. 

fEvBRSHED,  "Wave-length  determinations  and  general  results  obtained  from  a  de- 
tailed examination  of  spectra  photographed  at  the  solar  eclipse  of  January  m,  1898,"  Phil. 
Trans.  Royal  Society,  A,  Vol.  197,  381-413, 1901. 
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on  the  total  number  of  molecules  the  solar  ray  comes  in  contact 
with,  and  will  be  very  nearly  equal  in  the  two  cases. 

In  view  of  these  considerations,  it  would  therefore  seem 
that  the  gases  of  the  metals  of  Group  II  extend  very  high,  that 
they  are  nowhere  very  much  condensed,  and  that  practically  all 
the  gas  contributes  to  the  formation  of  the  emission  line ;  and 
hence  the  flash  lines  are  to  be  regarded  as  true  reversals  of  the 
corresponding  solar  lines. 

The  vapors  of  Groups  I  and  III  are  somewhat  condensed 
near  the  Sun's  surface  (those  of  Group  I,  particularly  Ca,  reach 
far  greater  heights  than  those  of  Group  III),  but  as  it  is  the 
upper  portions  that  contribute  most  to  the  formation  of  the 
emission  lines,  owing  to  the  progressive  motion  of  the  Moon, 
the  flash  lines  are  to  be  regarded  as  only  partial  reversals  of 
the  Fraunhofer  lines,  the  solar  intensities  being  greater  than 
the  flash  intensities. 

Taking  account  of  lines  in  the  flash  identified  with  groups  in 
the  solar  spectrum,  about  half  the  solar  lines  have  corresponding 
lines  in  the  flash.  From  the  above  considerations,  we  see  that 
it  is  highly  improbable  that  lines  of  intensity  2  on  Rowland's 
scale  in  the  solar  spectrum,  and  belonging  to  Groups  I  and  III, 
will  have  flash  lines  corresponding  to  them  of  sufficient  bright- 
ness to  show  in  this  flash.  In  fact,  although  there  are  135  Fc 
lines  of  intensity  2  between  F  and  H,  only  eleven  of  these  are 
found  in  the  flash ;  and,  indeed,  great  numbers  of  the  feebler 
solar  lines  are  lacking  in  the  flash.  But  if,  on  tf\e  other  hand, 
we  compare  the  stronger  lines,  we  see  that  every  strong  line  of 
the  solar  spectrum  is  almost  without  exception  found  in  the 
flash  spectrum. 

And  so,  remembering  the  meaning  of  the  differences  of 
intensities,  we  see  no  reason  for  giving  up  our  faith  in  the  exist- 
ence of  the  "  reversing  layer." 

We  may  obtain  an  approximate  estimate  of  the  depths  of 
the  layers  producing  the  bright  arcs  by  measuring  the  angular 
extent  of  the  arcs.  Accordingly,  the  lengths  of  some  of  the 
more  conspicuous  bright  lines  have  been  measured,  and  thence 
were  deduced  the  elevations  of  the  luminous  layers  producing 
the  bright  lines  of  the  flash  spectrum.  In  calculating,  the  semi- 
diameter  of  the  Sun  was  taken  as  948". 4,  and  the  Moon's 
augmented  semi-diameter  ioi3".8.     For  the  purposes  of  com- 
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parison,  the  same  arcs  were  taken  that  Frost*  has  measured. 
The  depths  of  the  luminous  layers  of  the  various  metallic  vapors 
come  out  as  follows : — 


Spectrum  line . . . 

Approximate    \ 
height  of  layer  ) 


H 

397o 

He 

4026 

Sr 

4078 

Hi 

4102 

Sr 

4215 

Ca 
4226 

8" 

4" 

4" 

7" 

4" 

2"-5 

Scf 
4247 

*".5 


Fepair 

4250 


Cr 
4254 

2"-5 


Spectrum  line. . . 

Approximate    \ 
height  of  layer  ) 


Cr 

Sc 

Hy 

Ti 

He 

Ti 

4274 

4321 

4340 

4395 

447i 

4501 

2" 

2" 

8" 

2" 

7" 

2" 

7¥ 

4549 


Ba 
4554 

2/'5 


4861 
8" 


Comparing  these  heights  with  the  intensities  given  in  my 
scale  (o — 10),  it  is  seen  that,  roughly  speaking,  the  height  in 
seconds  of  arc  is  0.8  of  the  value  of  the  intensity  for  Group  II, 
and  0.4  f on  Groups  I  and  III.  The  arcs  of  the  great  majority 
of  the  lines  are  no  longer  than  the  Fe  pair  at  A.  4250,  which 
correspond  to  an  extent  of  J4". 

As  a  result  we  may  safely  infer  that  the  average  depth  of 
the  "  reversing  layer  "  is  about  1",  although  from  the  above 
considerations  we  see  that  the  heights  to  which  the  gases  extend 
and  their  condensations  are  different  for  the  different  elements. 

These  results  differ  materially  from  those  of  Sir  Norman 
Lockyer.  He  lays  great  stress  on  the  fact  that  great  numbers 
of  "  enhanced  "  lines,  or  lines  stronger  in  the  spark  than  in  the 
arc  spectrum,  are  found  in  the  spectrum  of  the  chromosphere. 
In  order  to  investigate  this  idea,  close  comparisons  were  made 
between  the  above  flash  lines  and  the  latest  list  of  "  enhanced  " 
lines  given  by  Lockyer  in  Proc.  R.  S.,  Vol.  65,  452,  1900. 

Taking  up  first  titanium,  as  the  "  enhanced  "  lines  for  this 
metal  are  most  numerous,  it  is  found  that  he  has  given  fifty- 
three  lines  between  A.  3900  and  A.  4590.  This  region  is  all 
included  in  the  photographs  of  the  flash.  Thirty  out  of  the 
fifty-three  "  enhanced  "  lines  certainly  appear  as  bright  lines  in 
the  flash,  eleven  do  not  appear,  the  other  twelve  are  doubtful, 
from  their  proximity  to  strong  flash  lines,  or  from  their  being 
situated  in  a  group  in  the  flash.  Thus  56  per  cent  of  the 
"  enhanced  "  lines  of  Ti  are  found  as  chromosphere  lines ;  and 


*  Astro  physical  Journal,  Vol.  12,  346,  1900. 
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this  would  seem  to  strongly  support  Lockyer's  views.  _But,  on 
the  other  hand,  every  one  of  these  thirty  lines,  without  excep- 
tion, appears  as  a  strong  line  in  the  solar  spectrum;  and  the 
coincidence  between  "  enhanced  "  and  flash  lines  does  not  prove 
anything  definite,  for  where  there  are  strong  Fraunhofer  lines 
we  expect  strong  reversals  in  the  flash.  A  real  test  would  be 
the  case  where  there  is  a  strong  "  enhanced "  line,  but  no 
strong  solar  line  corresponding  to  it.  Such  a  line  occurs  in 
titanium  at  X  4308.60,  where  the  intensity  in  the  spark  is  7,  and 
on  the  same  scale  in  the  arc  1-2.  There  is  a  line  in  Rowland's 
tables  at  X  4308.601  with  an  intensity  of  00,  but  there  is  cer- 
tainly no  exceptionally  strong  flash  line  which  we  would  be  led  to 
expect  if  Lockyer's  idea  is  correct.  The  appearance  of  this 
line  may  be  contrasted  with  that  at  X  4563.94.  Both  have  the 
same  intensity  in  the  spark  {loc.  cit.),  but  to  X 4563.94  cor- 
responds a  strong  line  of  intensity  4  on  Rowland's  scale,  and 
a  strong  reversal  in  the  flash  of  intensity  5  on  my  scale. 

The  conclusions  from  the  "  enhanced  "  lines  of  iron  agree 
with  those  for  titanium,  i.  e.  there  are  a  great  number  of  strong 
lines  in  the  flash  spectrum  corresponding  to  the  "  enhanced  " 
lines,  but  they  also  correspond  to  strong  Fraunhofer  lines. 

A  severe  test  of  the  idea  that  "  enhanced  "  lines  are  found 
with  great  frequency  in  the  spectrum  of  the  chromosphere  will 
be  given  by  the  metal  vanadium.  Lockyer  gives  twenty-five 
lines  between  X  3885.05  and  X  4243.10,  the  majority  of  which 
are  decidedly  stronger  in  the  spark  than  in  the  arc.  Only  four 
of  these  lines  are  with  certainty  found  in  the  Hash,  correspond- 
ing to  Lockyer's  lines  at  X  4005.85,  X  4035.80,  X  4225.41, 
and  X  4243.10.  The  first  two  of  these  have  corresponding 
strong  solar  lines ;  the  second  two  have  not ;  none  of  the  four 
lines,  however,  are  identified  by  Rowland  as  due  to  vanadium. 
Three  out  of  nineteen  "  enhanced  "  lines  of  manganese  are 
found  in  the  flash. 

From  these  comparisons  it  would  seem  that  there  is  no  close 
connection  between  "  enhanced  "  lines  and  the  bright  lines  of 
the  chromosphere  seen  in  the  flash. 

When  several  reasons  are  advanced  to  explain  the  same 
phenomenon,  that  one  is  most  readily  accepted  which  is  the 
simplest,  which  most  easily  follows  the  observed  facts,  and 
which  tends  to  fewest  or  no  contradictions.     Three  different 
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explanations  are  given  for  the  flash  spectrum.  The  first  is 
the  original  idea  of  Young's, — that  the  chromospheric  spectrum 
is  merely  the  flashing  out  of  the  reversing  layer,  the  differences 
of  intensities  being  easily  explainable  by  the  different  heights 
to  which  the  layers  of  the  different  vapors  extend  above  the 
Sun's  surface.  The  prominence  of  "  enhanced  "  lines  in  the 
flash  spectrum  does  not  seem  to  be  quite  as  pronounced,  from 
the  above  investigations,  as  Lockyer  would  have  us  believe, 
and  there  seems,  therefore,  no  solid  foundation  for  the  idea 
that  the  flash  spectrum  is  at  a  higher  temperature  than  that  of 
the  Fraunhofer  spectrum,  even  if  it  is  farther  away  than  the 
"  reversing  layer  "  from  the  hot  Sun  towards  the  cold  of  inter- 
stellar space.  The  difficulties  in  the  way  of  accepting  the  expla- 
nation of  Julius,  as  given  in  the  Astrophysical  Journal  for 
February,  1902,  are  that  we  so  far  have  been  able  to  find  in  the 
laboratory  anomalous  dispersion  for  only  one  metal,  sodium, 
(although  this  does  not  say  it  may  not  be  found  for  others)  ; 
that  no  photographs  have  shown  the  doubling  of  the  lines  in  the 
flash  spectrum,  except  those  of  tne  Dutch  party  at  the  Sumatra 
eclipse,  and  that  the  doubling,  if  seen,  could  be  so  much  more 
easily  explained  from  the  lack  of  perfect  focus. 

Taking  all  things  into  consideration,  it  seems  much  easier 
to  explain  the  flash  spectrum,  as  did  Professor  Young,  as  a 
reversal  of  the  Fraunhofer  spectrum. 

Columbia  University,  May  15,  1902. 


SOME  NEW  ASTRONOMICAL  INSTRUMENTS. 


By  Frank  Schlesingkr. 


I.  The  Registering  Micrometer. — The  greatest  obstacle 
in  the  way  of  more  accurate  determinations  of  Right  Ascensions 
is  the  observer's  personal  equation,  which  causes  him  to  estimate 
the  time  of  a  star's  transit  always  too  early  or  always  too  late. 
Were  the  personal  equation  constant  for  each  observer  for  a 
reasonably  long  period,  things  would  not  be  so  bad ;  but  it  has 
been  known  to  vary  in  the  course  of  a  single  night,  besides 
depending  upon  the  brightness  of  the  observed  object,  and  even 
upon  the  steadiness  of  the  atmosphere.    Repsold,  the  head  of 
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the  famous  firm  of  instrument-makers  of  that  name,  has  con- 
structed an  instrument,  called  the  registering  micrometer,  which 
is  intended  to  do  away  entirely  with  personal  equation.  Instead 
of  the  ordinary  reticule  seen  in  the  eye-piece  of  a  transit  instru- 
ment, the  registering  micrometer  has  a  single  movable  thread, 
which  the  observer  sets  upon  the  star  as  soon  as  it  appears ;  and 
he  keeps  the  image  constantly  bisected  (during  the  minute  or  so 
that  it  takes  the  star  to  traverse  the  field)  by  steadily  turning 
the  screw  to  which  the  thread  is  attached.  This  screw  is  so 
constructed  that  it  automatically  records  a  signal  upon  a  chrono- 
graph sheet  every  time  it  completes  a  turn,  or  even  more  often, 
if  desired. 

This  micrometer  has  been  tested  by  Dr.  Albrecht  and  three 
others  of  the  staff  of  the  Potsdam  Geodetic  Institute.  The 
differences  of  personal  equation  between  each  pair  of  these 
observers  were  first  determined  with  the  ordinary  reticule  and 
then  with  the  new  micrometer,  with  these  results : — 

DIFFERENCES   OF   PERSONAL    EQUATIONS. 

With  Ordinary         With  Registering 
Reticule.  Micrometer. 

Albrecht  minus  Borass  — o\  10S  — oB.oo4 

Albrecht      ••      Galle  — 0.314  — 0.035 

Albrecht      "      Schnauder  — 0.184  — 0.027 

Borass  "      Galle  — 0.225  -{-0.013 

Borass  "      Schnauder  — 0.086  — 0.023 

Galle  "      Schnauder  +0.109  — 0.006 

It  will  thus  be  seen  that  the  personal  equation  is  gotten 
rid  of,  or  at  least  is  nearly  the  same  for  all  observers.  Dr. 
Albrecht  also  finds  that  the  instrumental  constants  (collima- 
tion,  flexure,  etc.)  can  be  more  accurately  determined  with  the 
new  micrometer.  In  conjunction  with  Dr.  Borass  he  has 
determined  the  difference  of  longitude  between  Potsdam  and 
Bucharest,  and  between  Potsdam  and  the  Poulkova  Observa- 
tory.   The  results  show  surprisingly  small  probable  errors. 

A  still  further  improvement  has  been  made  by  providing  the 
micrometer  with  clockwork  to  move  the  thread  across  the  field. 
As  the  rates  with  which  stars  apparently  move  are  different  in 
various  parts  of  the  sky  (those  nearest  the  equator  moving 
fastest),  the  clockwork  must  be  adjustable  to  the  declination  of 
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the  star.  The  observer  bisects  the  image  as  soon  as  it  appears 
and  then  sets  the  clockwork  going.  The  thread  will  now 
approximately  bisect  the  image  during  the  whole  of  its  transit. 
It  will  not  do  so  exactly,  because  of  the  unsteadiness  of  the 
atmosphere  and  because  of  irregularities  in  the  clockwork  itself ; 
these  the  observer  must  counteract  by  hand,  turning  the  screw 
slightly  to  and  fro.  This  arrangement  has  been  tried  by  the 
astronomers  at  Konigsberg,  by  whom  also  it  was  devised.  As 
might  be  expected,  the  addition  of  the  clockwork  has  added  to 
the  already  great  accuracy  of  the  instrument. 

It  is  interesting  to  note  that  the  registering  micrometer  with 
clockwork  was  proposed  as  early  as  1865  by  Carl  Braun,  of 
Kalocsa,  Hungary,  but  his  paper  on  the  subject  does  not  seem 
to  have  met  with  the  appreciation  it  deserved. 

II.  A  New  Shelter  for  Meridian  Instruments. — The 
registering  micrometer  is  intended  to  improve  Right  Ascensions. 
It  is  in  place  here  to  mention  a  simple  expedient  by  which  it  is 
hoped  to  get  better  determinations  of  the  Declinations  of  stars. 
The  importance  of  the  temperature  of  the  observing-room  is 
attracting  more  and  more  attention,*  and  the  desirability  of 
open  air  observations  has  been  pointed  out.  Three  years  ago, 
with  this  in  view,  the  International  Latitude  Observatories  (in 
latitude  39  °  8')  were  built  with  roofs  which  could  be  rolled 
entirely  away  from  the  instruments  beneath.  In  erecting  the 
new  meridian-circle  at  the  Cape  of  Good  Hope,  Dr.  Gill  has 
gone  even  further.  The  shelter  for  the  instrument  is  of  steel, 
and  is  built  of  two  entirely  separate  parts,  which  meet  in  the 
meridian.  When  ready  to  observe,  the  two  halves  are  rolled 
away  from  each  other  (the  one  east  and  the  other  west)  by 
means  of  a  small  electric  motor,  and  the  instrument  is  thus  left 
actually  in  the  open  air. 

III.  Automatic  Heating  Apparatus  for  Spectrographs. 
— Another  example  in  which  temperature  is  of  the  first  im- 
portance is  afforded  by  spectroscopic  observations  for  motion 
in  the  line  of  sight.  The  photographic  exposures  for  this  pur- 
pose sometimes  last  an  hour  or  more.  If  the  temperature  of 
the  prisms  changes  much  in  this  time,  their  indexes  of  refrac- 

•See,  for  example,  Dr.  Townley's  review  of  Bauschinger's  "  Untenuchungen  abet 
die  astronomische  Refraction"  in  No.  71  of  these  Publications, 
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tion  also  change,  and  consequently  the  lines  in  the  spectrum 
become  broad  and  ill-defined.  The  first  to  use  artificial  means 
to  maintain  the  prisms  at  a  constant  temperature  was  Des- 
landres,  of  the  Meudon  Observatory.  He  inclosed  the  whole 
prism-box  in  a  tight  compartment  and  allowed  water  at  a 
constant  temperature  to  flow  through  it.  A  much  less  cumber- 
some device  was  that  of  Lord,  of  the  McMillin  Observatory, 
Columbus,  who  was  the  first  to  use  electric  heating.  He 
encased  the  spectroscope  in  a  wooden  box,  and  so  placed  a 
thermometer  that  its  bulb  was  near  the  prisms,  while  its  grad- 
uated tube  projected  not  only  outside  of  the  metallic  box  con- 
taining the  prisms,  but  also  outside  the  outer  wooden  box.  It 
was  not  necessary,  therefore,  to  remove  the  latter  in  order  to 
read  the  temperature  at  the  prisms.  The  wooden  box  was  lined 
with  a  quantity  of  German-silver  wire.  As  this  substance  is 
not  a  good  conductor  of  electricity,  it  will  become  slightly 
heated  when  a  mild  current  is  passed  through  it.  The  observer 
watches  the  projecting  thermometer,  and  if  the  temperature 
falls,  he  turns  on  the  current  long  enough  to  bring  it  back  to  its 
original  point.  A  simple  improvement  upon  this  arrangement 
was  made  by  Campbell.  The  bulb  of  the  thermometer  was 
placed  outside  of  the  prism-box,  but  still  within  the  wooden 
box.  By  controlling  the  temperature  in  this  region,  the  prisms 
themselves  will  really  have  a  more  even  temperature  than  in 
the  former  arrangement.  The  idea  of  providing  a  thermostat 
which  would  automatically  control  the  temperature  of  the 
prisms  seems  to  have  suggested  itself  to  several  observers.  Dr. 
Hartmann,  has  carried  out  this  idea  in  connection  with  the 
new  telescope  at  Potsdam  in  an  especially  ingenious  manner. 
Into  the  open  end  of  a  thermometer-tube  is  inserted  a  platinum 
wire  so  arranged  that  its  end  may  be  set  at  any  desired  reading 
of  the  temperature  scale.  Another  platinum  wire  is  set  per- 
manently into  the  bulb  of  the  thermometer  and  is  in  contact 
with  the  mercury.  The  free  ends  of  these  two  platinum  wires 
are  connected  with  the  opposite  poles  of  a  weak  electric  battery, 
the  circuit  also  including  a  small  electric  magnet.  It  is  clear 
that  there  will  be  a  complete  circuit  only  so  long  as  the  mercury 
in  the  tube  remains  in  contact  with  the  inserted  wire, — that  is, 
so  long  as  the  temperature  does  not  fall  beyond  a  certain  point. 
When  the  circuit  is  broken  the  magnet  releases  its  armature. 
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and  this  in  turn  completes  the  circuit  of  the  heating  current 
Thus,  as  soon  as  the  temperature  near  the  prisms  falls,  it  is  at 
once  raised  to  its  original  point  by  the  automatic  action  of  the 
thermostat.  Two  independent  heaters  are  used, — one  on  each 
end  of  the  prism-box, — in  order  to  insure  a  perfectly  uniform 
temperature  of  the  air  surrounding  the  prisms.  The  whole 
spectroscope,  including  the  two  thermostats  and  the  two  heaters, 
is,  of  course,  inclosed  in  a  tight  wooden  box.  } 

IV.  Wright's  Apparatus  for  Photographing  the  Com- 
parison Spectrum. — The  instrument  we  have  just  described 
enables  the  observer  to  devote  almost  all  his  attention  and  time 
to  accurate  guiding  of  the  telescope.  The  only  interruptions 
that  need  be  made  are  for  the  purpose  of  photographing  a 
comparison-spectrum  (usually  the  spark-spectrum  of  iron)  in 
immediate  juxtapositon  with  the  star's  spectrum.  It  is  gener- 
ally regarded  as  desirable  to  photograph  the  comparison-spec- 
trum once  or  twice  after  the  exposure  for  the  star  has  begun 
and  once  or  twice  before  it  is  quite  finished.  To  do  this  by  the 
old  methods,  the  observer  must  stop  the  exposure  on  the  star, 
put  the  sparking  apparatus  into  position,  expose  the  plate  to  the 
spark,  remove  the  sparking  apparatus  and  resume  the  exposure 
on  the  star.  All  this  takes  considerable  time  and  may  possibly 
disturb  the  adjustment  of  the  spectroscope.  Mr.  Wright,  of 
the  Lick  Observatory,  has  devised  a  neat  method  for  intro- 
ducing the  spark-spectrum  without  stopping  the  exposure  on 
the  star.  The  middle  part  of  the  spectroscope  slit  is  used  for 
admitting  the  light  of  the  star.  On  each  side  of  this  space  is  a 
little  prism  which  reflects  the  light  of  a  spark  placed  entirely 
to  one  side  of  the  beam  of  light  which  comes  from  the  star. 
Between  each  prism  and  its  spark  a  small  lens  is  inserted,  so 
that  an  image  of  the  spark  is  formed  at  the  slit,  just  next  to  that 
part  which  admits  the  light  of  the  star.  In  order  to  photograph 
the  spark-spectrum,  the  observer  simply  turns  on  an  electric 
switch  for  a  few  seconds.  Mr.  Wright's  invention,  like  the 
automatic  heating  apparatus  previously  described,  economizes 
the  observer's  time  and  attention ;  besides,  it  lessens  the  chance 
of  deranging  the  spectroscope. 

V.  The  Color-Screen  (for  photographing  with  a  visual 
telescope). — A  telescope  used  for  photography  must  have  an 
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objective  which  is  corrected  for  the  blue  and  violet  rays 
of  light,  since  to  these  the  photographic  film  is  most  sensitive. 
Such  a  telescope  is  nearly  useless  for  visual  observations, 
because  those  rays  to  which  the  eye  is  sensitive,  the  yellow  and 
the  green,  are  not  brought  to  a  focus.  On  the  other  hand, 
a  visual  telescope  (corrected  for  these  latter  rays)  cannot 
ordinarily  be  used  for  photography.  Mr.  Ritchey,  of  the  Yerkes 
Observatory,  has,  however,  pointed  out  a  simple  expedient  by 
which  this  can  be  done.  Immediately  in  front  of  the  photo- 
graphic plate  is  placed  a  sheet  of  plate  glass,  which  is  so  colored 
as  to  be  opaque  to  the  blue  and  violet  rays,  while  allowing  the 
green  and  yellow  to  pass  through  with  nearly  undiminished 
intensity.  The  blue  rays  are  cut  out  before  they  can  reach  the 
photographic  plate,  and  are  not  allowed  to  blur  the  picture. 
Furthermore,  Mr.  Ritchey  uses  isochromatic  plates  (which 
are  much  more  sensitive  to  yellow  light  than  ordinary  plates), 
and  thus  the  length  of  exposure  is  cut  down.  Nevertheless, 
eveij  with  isochromatic  plates,  considerably  longer  exposures 
are  necessary  than  if  the  objective  had  in  the  first  place  been 
corrected  for  photography.  Mr.  Ritchey  has  obtained  some 
beautiful  large-scale  photographs  of  the  Moon  and  other  ob- 
jects by  means  of  a  color-screen  and  the  great  visual  refractor 
of  the  Yerkes  Observatory. 

VI.  The  Medial  Telescope. — This  is  the  name  applied 
by  the  inventor,  Professor  Sciiupmann,  of  Aachen,  to  a 
refractor  of  peculiar  construction.  The  objective  of  an  ordinary 
refractor  consists  of  two  lenses  of  different  densities.  This 
combination  is  necessary  in  order  to  correct  for  spherical  and 
chromatic  aberration.  In  the  medial  telescope,  however,  the 
objective  consists  of  one  lens,  and  the  light  which  falls  upon 
it  passes  through  uncorrected.  Near  the  eye-piece  is  placed  a 
somewhat  complicated  optical  system,  which  not  only  corrects 
for  spherical  and  chromatic  aberration,  but  does  it  better  than 
is  possible  with  the  ordinary  objective.  For,  even  with  two 
lenses  of  different  densities,  it  is  not  possible  to  correct  entirely 
for  chromatic  aberration;  there  is  left  what  opticians  call  the 
"  secondary  spectrum/'  the  effect  of  which  is  to  make  the 
images  somewhat  indistinct  in  even  the  best  of  telescopes. 
With  the  medial  telescope  the  secondary  spectrum  is  greatly 
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reduced  in  intensity.  A  telescope  of  this  description  has  been 
built  at  Urania  Observatory,  in  Berlin ;  its  aperture  is  thirteen 
inches  and  its  focal  distance  is  sixteen  feet.  The  secondary 
spectrum  is  only  one-twentieth  as  intense  as  that  in  an  ordinary 
refractor  of  these  dimensions.  It  is  reported  to  be  of  excellent 
definition  and  to  give  surprisingly  faultless  views  of  the  planets, 
even  under  bad  atmospheric  conditions.  By  simply  turning  a 
small  screw,  the  image  of  a  star  may  be  broadened  out  into  its 
spectrum  with  any  desired  degree  of  dispersion.  The  advan- 
tages of  this  instrument  are  its  almost  perfect  achromatism  and 
its  inexpensive  construction.  Its  disadvantages  are  its  small 
field  and  the  great  loss  of  light  which  arises  from  the  character 
of  its  optical  system. 

VII.  The  Stereocomfarator. — If  we  compare  two  photo- 
graphs of  the  same  region  of  the  sky, — taken,  say,  with  an 
interval  of  half  a  year, — they  will,  to  all  appearances,  be  coun- 
terparts of  each  other.  It  is  true  that  each  will  be  somewhat 
differently  distorted  by  refraction  and  aberration,  and  perhaps 
by  a  change  in  the  telescope.  But  all  these  effects  are  so  small 
as  to  be  scarcely  perceptible,  except  by  exact  measurements, 
besides  being  gradual  and  continuous  across  the  area  of  a  plate. 
It  is  therefore  clear  that  by  comparing  two  such  photographs 
we  may  at  once  detect  stars  with  large  parallaxes  or  large 
proper  motions.  Furthermore,  if  one  plate  shows  an  image 
that  on  the  other  plate  either  does  not  appear  at  all,  or  appears 
less  strongly  impressed,  we  at  once  suspect  that  we  have  to  do 
with  a  variable  or  a  temporary  star. 

Many  methods  for  comparing  two  photographs  have  been 
proposed.  Barnard  suggested  that  a  positive  be  made  of  one 
of  them,  and  that  this  be  put  film  to  film  with  the  other  negative. 
For  most  stars  the  black  dots  on  the  negative  will  be  covered 
by  the  transparent  dots  on  the  positive,  and  those  stars  for 
which  this  coincidence  does  not  occur  can  be  at  once  detected. 
Pickering  proposed  that  one  of  the  plates  be  exposed  with  its 
glass  side  toward  the  objective  of  the  telescope,  and  that  the 
other  be  taken  in  the  ordinary  way,  with  the  film  toward  the 
objective.  These  may  be  placed  film  to  film,  with  the  two 
images  of  the  same  star  nearly  coinciding.  Ordinary  stars  will 
thus  look  like  double  stars  of  equal  components.    Variable  stars 
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will  appear  single  or  of  unequal  components;  and  stars 
of  large  parallaxes  or  large  proper  motions  will  appear  a  little 
more  widely  double  or  a  little  less  widely  double  than  other 
stars.  Kapteyn,  in  his  work  for  the  Cape  Durchmusterung, 
faced  two  ordinary  photographs  in  the  same  direction,  and 
viewed  them  through  a  telescope  four  and  a  half  feet  distant. 
The  further  plate  was  thus  seen  through  the  glass  and  the  film 
of  the  nearer.  Turner,  of  Oxford  University,  proposed  that 
the  photographs  be  projected  upon  a  large  screen  by  means  of 
two  stereopticons,  so  that  the  images  of  the  same  star  should 
nearly  coincide.  This  method,  like  Kapteyn's  and  the  one  to 
be  described  presently,  has  the  advantage  of  not  requiring 
specially  made  photographs :  the  original  negative  taken  in  the 
usual  way  may  be  used. 

Some  of  these  methods  would  appear  to  leave  little  to  be 
desired.  Yet  the  instrument  used  by  Dr.  Wolf,  of  Heidelberg, 
and  called  by  him  the  Stereocomparator  is  even  more  convenient 
than  any  of  these.  This  instrument  is  essentially  nothing  more 
than  a  stereoscope,  that  scientific  toy  with  which  we  are  all 
familiar.  One  of  the  photographs  to  be  compared  is  viewed 
solely  with  one  eye,  and  the  other  photograph  solely  with  the 
other  eye,  in  such  a  manner  that  the  mind  gets  the  impression 
of  a  single  photograph  in  which  the  objects  appear  at  definite 
distances.  The  first  plate  having  been  fixed  in  its  holder,  the 
second,  by  proper  orientation  and  tilting,  may  be  so  adjusted  as 
to  give  the  stereoscopic  effect.  Only  a  limited  area  of  each  plate 
can  be  observed  at  a  time,  but  without  disturbing  their  adjust- 
ment the  two  plates  may  be  moved  together,  so  that  all  the 
parts  of  the  photographs  may  be  successively  brought  into  view. 
Most,  if  not  all,  of  the  stars  on  the  photograph  will  appear  to  lie 
in  a  single  plane.  But  if  there  be  present  a  star  which  has  been 
shifted  relatively  to  its  neighbors  by  reason  of  its  parallax  or 
its  proper  motion,  such  a  star  will  appear  to  lie  either  a  little  in 
front  or  a  little  behind  the  plane  occupied  by  the  other  stars. 
Again,  if  a  star  have  a  fainter  image  on  one  plate  than  on  the 
other,  the  eye  receives  an  unpleasant  shock,  slight  but  unmis- 
takable. By  this  means,  variable  or  temporary  stars  are  at 
once  recognized.  The  scientific  value  of  the  stereocomparator 
may  be  said  to  be  already  proven;  with  its  help  Dr.  Wolf  has 
found  two  stars  in  the  Pleiades  which   he  suspects  of  large 
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parallax  or  proper  motions,  and  he  has  also  published  a  list 
of  ten  suspected  variables.  The  latter  are  all  in  Orion,  which, 
besides  the  Pleiades,  is  the  only  region  thus  far  examined. 
Incidentally,  some  novel  effects  may  be  obtained  with  the  stereo- 
comparator.  Jupiter,  for  example,  may  be  made  to  appear 
much  nearer  than  the  fixed  stars  in  the  same  field,  with  some  of 
his  satellites  a  little  in  front  and  some  a  little  behind  Jupiter 
himself. 


OBSERVATIONS    OF   VARIABLE    STARS. 


By  Rose  O'Halloran. 


The  following  estimates  were  made  under  favorable  condi- 
tions with  a  four-inch  lens,  and  may  be  of  interest,  though  the 
exact  dates  of  maxima  and  minima  were  sometimes  unavoid- 
ably missed  on  account  of  clouds  or  the  interference  of  high 
buildings. 

S  Ursce  Majoris. 
A  maximum  of  this  long-known  variable  was  predicted  for 
April  18,  1901,  but  seems  to  have  been  a  few  days  later. 
1901.   April    4.     Equal  to  g  of  9th  mag. 
April    8.     Ditto. 
April  16.     Ditto. 
April  18.    About  8.7  mag. 
April  25.     Midway  between^  and  d  of  8th  mag. 

The  comparison-stars  used  are  those  lettered  on  the  Harvard 
charts. 

V  Coronce. 
In  his  third  catalogue,  Professor  Chandler  alludes  to  the 
phases  of  this  variable  near  its  maximum,  when  a  magnitude  of 
from  7.2  to  7.7  is  usually  attained.  A  maximum  was  predicted 
for  April  3,  1901,  but  observations  were  not  obtained  until  the 
following  dates : — 
1901 .   April    8.    Of  9th  mag. 

April  16.    Of  10th  mag. 

April  18.     Ditto. 

April  21.     Ditto. 

April  23.     Ditto. 

April  25.     Dimmer  than  10th  mag 
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Its  period  being  356  days,  a  maximum  was  due  about  March 
26th  of  this  year;  but  on  that  date  it  was  only  of  10th  mag- 
nitude, or  very  slightly  brighter  than  the  star  5'  south.  On 
March  29th  a  similar  estimate  was  obtained. 

5  Tauri. 
The  maximum  of  this  variable,  predicted  for  January  31st, 
was  observed  as  follows : — 

1901.  Dec.  .0,15,19,30.  >  ,nvisible 

1902.  Jan.      2, 4.  > 

Jan.      7,  10.    Of  1 2th  mag. 

Jan.    26,  28,  31.   )   Brighter  than  the  two  adjacent  stars,  and  prob- 

Feb.    2.  S        ably  of  10th  mag. 

R  Tauri. 

The  minimum  was  predicted  for  December  28,  1901. 

190'r.   Dec.  io,  15,  19,  50.    Invisible. 

1902.  Jan.      2.    A  star  of  12th  mag.,  in  the  place  of  the  variable,  is 
discernible. 

Jan.     4, 7,  10.     ) 

Feb.    2.  \  Dltto- 

W  Aurigce. 

1901.  Dec.  10,  12,  15, 18,  30.    )    Brighter  than  the  two  stars  of  11.5  mag., 

1902.  Jan.      2.  )         with  which  it  forms  a  triangle. 
Jan.      4,  6,  7,  12,  17.     Of  nth  mag. 

Jan.    25,  26,  31.     Of  nearly  10th  mag. 

The  maximum  predicted  for  March  15th  in  the  Companion 
to  the  Observatory  was  unavoidably  missed,  but  no  doubt  was 
seen  elsewhere. 

V  Ononis. 
Though  this  orb  sometimes  attains  a  magnitude  of  8.4,  the 
brightness  was  probably  much  less  on  the  18th  of  last  January, 
the  date  of  the  predicted  maximum. 

1902.   Jan.      4,  6,  7,  8,  10,  12,  15,  16,  19,  26,  27.     Of  10.5  mag. 

Jan.  28,  29.     Of  nth  mag. 

Jan.  31.      )     _. 
Feb.     2.     \   0i  IO'5  n,aR- 

The  star  south  preceding,  to  which  attention  is  called  in 
Popular  Astronomy  for  January,  1895,  page  217,  was  of  about 
1 2th  magnitude  on  the  above  dates. 
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W  Lyra. 
This  variable  seems  to  have  attained  its  maximum  luster 
some  weeks  before  the  9th  of  March,  for  which  it  was  predicted 
in  the  Companion  to  the  Observatory. 

1902.  Jan.    11.    About  half  a  mag.  brighter  than  w,  which  is  8.1  mag. 
Jan.    20.    Equal  to  n\  brighter  than  a  of  8.6  mag. 
Jan.    27.    Ditto.    Morning  very  clear.    W  seems  yellowish  in  color. 
Feb.  12.     Rather  brighter  than  n  —  what  might  be  classed  as  two 

tenths.     Distinctly  brighter  than  a. 
Feb.   22.     Equal  to  w. 
Mar.  13.    Dimmer  than  a,  but  brighter  than g  of  10th  mag.,  and 

equal  to  p  of  9.4  mag. 

R    Ursa  Majoris. 

The  maxima  of  this  star  vary  from  6  to  8.2  magnitude.    The 
recent  maximum  was  due  on  February  8th. 

1902.  Jan.    31.     Equal  to  A,  but  not  to^,  which  seems  slightly  brighter. 
Both  comparison-stars  are  classed  as  of  8th  mag. 
Feb.     2.     Ditto. 
Mar.  12.    Ditto. 

Mar.  14.    Decreased  to  n  of  9th  mag. 
Mar.  24.     It  is  of  about  10.3  mag. 

L2  Puppis. 
The  maximum  of  this  star  was  due  February  28th. 

1902.  Jan.    31.    Brighter  than  4th  mag.,  as  compared  with  Sigma  Puppis 

of  3.4  and  L1  of  5th  mag. 

Feb.  12.     >   _... 
m.  >  Ditto. 

Mar.    2, 9. ) 

Mar.  14.    Slightly  brighter  than  b  Puppis.    Classed  as  of  4.8  mag 
San  Francisco,  March  31,  1902. 


KAPTEYN'S    CONTRIBUTIONS.   TO    OUR    KNOWL- 
EDGE OF  THE  STARS. 


By  J.  D.  Galloway. 


In  commenting  on  the  award  of  the  gold  medal  of  the  Royal 
Astronomical  Society  to  Professor  J.  C.  Kapteyn  for  his  work 
in  connection  with  the  Cape  Photographic  Durchmusterung 
and  his  researches  on  stellar  distribution  and  parallax,  Dr. 
GlAisher,  the  president  of  the  society,  gave  a  brief  history  of 
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this  great  photographic  catalogue,  and  referred  to  some  of 
Kapteyn's  other  contributions  to  stellar  cosmography. 

The  idea  of  making  a  photographic  star-map  was  suggested 
to  Gill  when  experimenting  with  an  ordinary  camera  in  photo- 
graphing the  great  comet  of  1882.  The  work  for  the  catalogue 
was  done  with  a  Dallmeyer  rapid  rectilinear  lens  of  six  inches 
aperture  and  fifty-four  inches  focus.  Another  lens  was  tried 
for  a  time,  but  found  unsatisfactory,  and  all  plates  taken  with 
it  were  discarded ;  so  that  the  finished  work  is  the  product  of 
one  lens.  Part  of  the  expense  was  borne  by  the  Government 
Grant  Fund  of  the  Royal  Society,  part  by  the  Dutch  Govern- 
ment, and  part  by  several  Dutch  institutions.  One  reason  for 
the  withdrawal  of  the  Royal  Society  from  the  work  was  the 
commencement,  in  1887,  of  the  preparation  of  the  International 
Astrographic  Chart.  It  was  thought  by  some  that  this  would 
supersede  the  work  of  Gill  and  Kapteyn  ;  but  the  belief  of 
Dr.  Gill  was  that  there  was  an  immediate  use  for  his  work, 
so  it  was  pressed  to  a  conclusion. 

Kapteyn  offered  his  services  to  Gill  in  1885,  stating  that 
he  believed  he  had  "  enthusiasm  for  the  matter  equal  to  six  or 
seven  years  of  such  work."  He  did  not  overestimate  his 
enthusiasm,  which  was  to  sustain  him  not  only  for  six  or  seven 
years,  but  for  nearly  thirteen.  Kapteyn's  proposal  was  that 
he  be  allowed  to  measure  the  plates  taken  at  the  Cape  and  to 
tabulate  the  results.  The  actual  photographing  of  plates  at 
the  Cape  began  in  April,  1885,  and  was  completed  at  the  end 
of  1890. 

The  principal  object  which  Gill  had  in  view  may  be  briefly 
described  as  the  extension  of  the  Bonn  Durchmusterang  to  the 
south  pole.  To  determine  the  exposure  necessary  for  this 
purpose,  an  area  in  the  Bonn  DurcJimustcrung  was  selected 
and  photographed.  The  negative  was  then  compared  star  by 
star  with  Argelander's  chart,  and  the  duration  of  the  trial 
exposures  was  gradually  increased  till  it  was  certain  that  every 
star  in  the  selected  part  of  the  chart  was  shown  as  a  measurable 
disc  on  the  plate  photographed  from  the  sky.  It  may  be  men- 
tioned that  when  the  negative  from  the  sky  showed  nearly  the 
whole  of  Argelander's  stars,  it  also  showed  a  great  many 
more,  as  the  Bonn  Durchmustcrung  professes  to  complete  only 
as  far  as  stars  of  the  9.2  magnitude.     Every  area  was  photo- 
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graphed  on  two  different  nights,  in  order  to  avoid  the  possi- 
bility of  a  speck  on  the  plate  being  mistaken  for  a  star. 

Kapteyn's  work  was  done  at  Groningen,  Holland,  and 
consisted  in  the  measurements  of  the  stars  on  the  plates,  their 
reductions,  and  the  forming  of  the  catalogue.  All  the  measure- 
ments for  the  catalogue  were  made  by  an  instrument  designed 
by  Kafteyn  for  the  purpose.  The  principle  of  this  instrument, 
the  object  of  which  was  to  measure  spherical  coordinates  from 
the  plate,  occurred  to  him  very  soon  after  he  had  received  the 
first  plates.  It  depends  upon  the  obvious  fact  that  by  placing  a 
plate  at  the  proper  distance  (that  is,  at  the  focal  distance  of  the 
photographic  telescope),  with  the  film  farthest  from  the  eye,  it 
is  possible  to  cover  the  stars  in  the  sky  with  their  corresponding 
images.  If,  therefore,  we  substitute  for  the  eye  an  instrument 
by  which  spherical  coordinates  can  be  measured  in  the  sky*  we 
can  measure  these  coordinates  as  well  on  the  plate.  Various 
refinements  were  used.  The  work  was  done  in  a  darkened  room 
by  two  observers  and  a  clerk*  Two  plates  covering  the  same 
region  were  fixed  in  the  holder,  and  by  adjustment  were  so 
placed  that  the  image  of  a  star  on  one  plate  nearly  covered  the 
image  of  the  same  star  on  the  other  plate.  True  stars  then 
appeared  double,  while  accidental  specks  appeared  single,  and 
could  at  once  be  distinguished. 

Each  plate  was  observed  twice,  and  as  soon  as  the  second 
observation  was  made  the  results  were  compared  and  discrep- 
ancies examined.  The  second  observations  and  examinations 
were  invariably  made  by  Kafteyn. 

The  diameters  of  the  images  of  the  stars  were  estimated  to 
2*.  of  arc,  and  from  these  diameters  the  magnitudes  of  the  stars 
were  determined  by  an  empirical  formula. 

The  work  is  published  in  three  volumes,  bearing  dates  of 
1896,  1897,  and  1900.  It  includes  all  stars  down  to  about  9.5 
magnitude  from  — 180  to  the  south  pole.  The  number  of  stars 
included  is  454,857.  The  catalogues  of  Argelander  and 
Schoxffxd  together  contain  431,760  stars  for  the  rest  of  the 
sky,  the  average  number  per  square  degree  being  for  the  Cape, 
Argelander  and  Schonfeld  catalogues  32,66,  15,19,  and  18,21, 
respectively,  so  that  the  star-density  of  the  Cape  catalogue  is 
more  than  double  that  of  Argelander's. 

\s  compared  with  the  catalogue  of  Schonfeld,  the  star 
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density  shown  by  the  Cape  catalogue  varies  widely,  some 
regions  containing  three  times  the  number  of  stars  given  by 
Schonfeld  in  the  same  area,  while  in  some  regions  the  latter's 
catalogue  was  the  richer,  containing  almost  double  the  number 
shown  on  the  plates.  Kapteyn  also  found  that,  corresponding 
to  these  variations  in  the  star-brightness,  equal  diameters  on  the 
plates  were  produced  by  stars  of  unequal  brightness  in  different 
parts  of  the  sky.  Thome  suggested  that  this  might  be  due  to 
a  tendency  on  the  part  of  a  visual  observer  to  overlook  faint 
stars  in  a  rich  field ;  but  Kapteyn  considers  any  such  explana- 
tion quite  inadequate,  and  he  concludes  that  the  difference 
between  the  visual  and  the  photographic  magnitudes  is  largely 
due  to  the  positions  of  the  stars  with  regard  to  the  Milky  Way, 
and  that,  even  if  we  take  into  account  only  stars  of  the  same 
spectral  type,  those  in  the  Milky  Way  are  in  general  bluer  than 
the  stars  in  other  regions  of  the  sky. 

In  1889  Kapteyn  proposed  a  comprehensive  method  of 
determining  stellar  parallax,  having  been  engaged  in  that  work 
when  he  made  his  proposal  to  Gill  in  1885.  His  plan  was  to 
expose  the  plates  for  the  astrographic  catalogue  at  three  suc- 
cessive epochs  of  maximum  parallactic  displacement,  the  plates 
being  carefully  preserved  in  the  intervals  of  six  months,  and 
developed  after  the  third  exposure.  The  plates  would  then 
furnish,  in  addition  to  the  position  of  the  stars,  a  first  determina- 
tion of  their  parallaxes.  The  proposal  was  not  adopted  for  the 
great  catalogue,  but  Professor  Donner  obtained  a  series  of 
plates  at  Helsingfors  which  were  measured  by  Kapteyn  and 
the  approximate  determinations  of  the  parallaxes  of  246  stars 
were  made. 

Since  the  direct  determination  of  stellar  parallax  has  not 
given  results  on  anything  like  the  scale  required  for  the  purpose 
of  judging  of  the  relative  distances  of  the  stars,  we  are  com- 
pelled to  resort  for  data  on  this  point  to  the  parallactic  displace- 
ment caused  by  the  motion  of  the  solar  system  in  space.  This 
parallactic  motion,  however,  cannot  be  separated  from  the  real 
proper  motion  for  the  individual  stars,  bukthere  is  every  reason 
to  think  that  the  real  proper  motion  shows  but  little  preference 
for  determinate  directions,  and  it  may  therefore  be  assumed 
that,  in  the  mean  results  obtained  from  small  groups  of  stars, 
these  real  proper  motions  will  destroy  each  other,  leaving  only 
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that  part  due  to  solar  motion.  It  is  this  parallactic  displace- 
ment that  gives  the  most  reliable  measure  of  the  mean  distances 
of  stars.  Kapteyn  has  undertaken  the  resolution  of  the  proper 
motions  of  2,357  stars  m^°  components  in  the  apical  direction 
(that  is,  the  direction  of  the  Sun's  movement  in  space),  and 
normal  thereto.  These  stars  are  in  the  Draper  catalogue  of 
spectra,  and  are  also  included  in  the  Bradley- Auwers  catalogue 
of  Right  Ascensions  and  Declinations.  The  stars  were  taken 
from  the  Draper  catalogue,  because  Kapteyn  had  decided  to 
divide  them  into  groups  according  to  their  spectral  type,  and 
to  consider  the  groups  separately.  This  division  has  shown 
that  stars  with  small  proper  motions  belong  generally  to  the 
first  type,  and  those  with  large  proper  motions  to  the  second, 
to  which  type  our  own  Sun  belongs.  It  may  be  that  the  stars 
of  the  second  type  are  moving  faster  than  those  of  the  first,  but 
it  seems  more  probable  that  they  are  less  distant.  This  gives 
some  support  to  Gould's  suggestion  that  the  Sun  is  a  member 
of  a  star-cluster. 

Other  important  papers  of  Kapteyn  refer  to  the  distribution 
of  cosmical  velocities,  the  distribution  of  stars  in  space,  the 
statistical  relations  between  parallax,  proper  motion,  and  mag- 
nitude, and  upon  the  luminosity  of  stars.  He  has  deduced  the 
position  of  the  solar  apex  by  a  new  method,  in  which  the  apex 
is  so  chosen  that  the  sum  of  the  proper  motions  resolved  in  the 
direction  of  the  Sun's  apex  is  a  maximum,  or  that  the  sum  of 
the  motions  perpendicular  to  this  direction  is  zero.  The  result- 
ing apex  is  a  =  273°.6,  8  =  29°.$  as  deduced  from  2,640  Brad- 
ley stars  and  699  Porter  stars.  The  discrepancy  from  Porter's 
results  (obtained  by  Kapteyn's  method),  a=  28o°.5,  8  = 
49°.3,  and  from  Campbell's  result,  a  =  277°. 5,  8=20°.o,  de- 
rived from  spectroscopic  determinations  of  280  velocities  in  the 
line  of  sight,  only  shows  what  might  have  been  expected — that 
considerable  groups  of  stars  in  different  parts  of  the  sky  are 
affected  by  common  drift  which  is  quite  distinct  from  parallac- 
tic motion. 

As  showing  the  estimation  in  which  Kapteyn's  work  is 
held,  the  following  is  added  from  Newcomb,  when  writing  of 
the  Cape  Durchmusterung:  "This  work  of  Kapteyn  offers 
a  remarkable  example  of  the  spirit  which  animates  the  born 
investigator  of  the  heavens.  .  .  .  The  years  of  toil  devoted  to 
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it  were,  as  the  writer  understands,  expended  without  other  com- 
pensation than  the  consciousness  of  making  a  noble  contribu- 
tion to  knowledge,  and  the  appreciation  of  his  fellow 
astronomers  of  this  and  future  generations." 


PLANETARY    PHENOMENA    FOR    JULY    AND 
AUGUST,    1902. 


By  Malcolm  McNeill. 


July. 

The  Earth  is  in  aphelion  July  4th,  5  a.  m.  Pacific  Time. 

Mercury  is  a  morning  star,  having  passed  inferior  con- 
junction on  June  23d.  It  reaches  greatest  west  elongation  on 
July  15th,  and  is  well  on  toward  superior  conjunction  by  the 
end  of  the  month.  The  conditions  for  visibility  are  not  very 
good ;  but  after  the  first  week  of  the  month  the  planet  rises  an 
hour  or  more  before  sunrise,  and  there  is  a  possibility  of  seeing 
it  in  the  morning  twilight  if  the  air  is  very  clear. 

Venus  is  the  chief  morning  star,  and  throughout  the  month 
rises  about  two  and  one-half  hours  before  the  Sun.  It  moves 
about  350  eastward  during  the  month  from  a  position  between 
the  Pleiades  and  Hyades  in  Taurus  to  the  middle  of  the  con- 
stellation Gemini,  west  and  south  of  Castor  and  Pollux.  Its 
distance  from  the  Sun  diminishes  about  50. 

Mars  is  also  in  the  morning  sky,  but  has  not  begun  to  bright- 
en up  very  much.  It  moves  about  200  eastward  from  the 
eastern  part  of  Taurus  into  Gemini,  and  toward  the  close  of  the 
month  is  near  Venus,  a  little  to  the  north  of  the  latter. 

Jupiter  will,  at  the  end  of  the  month,  rise  a  little  after  sunset, 
and  is  therefore  in  fair  position  for  late  evening  observation.  It 
is  in  the  eastern  part  of  the  constellation  Capricorn,  and  is 
moving  westward,  the  motion  being  about  30  during  the  month, 
and  on  a  line  a  little  south  of  the  line  of  motion  during  the 
spring  months. 

Saturn  comes  to  opposition  with  the  Sun  on  July  17th,  and 
is  therefore  above  the  horizon  practically  the  entire  night,  dur- 
ing the  month.     It  is  in  the  western  part  of  the  constellation 
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Capricorn,  and  it  moves  a  little  more  than  2°  westward.  It 
draws  a  little  nearer  Jupiter,  but  hardly  enough  to  be  noticeable 
without  measurement.  As  seen  in  the  telescope,  the  apparent 
minor  axis  of  the  rings  will  be  much  shorter  than  it  was  ia 
1901. 

Uranus  remains  above  the  horizon  until  early  morning. 
It  moves  about  i°  westward  in  the  constellation  Ophiuchus 
and  is,  on  July  1st,  il/2°  west  and  about  2°  north  of  0  Ophiuchi, 
a  third-magnitude  star  in  the  southern  part  of  the  constellation. 

Neptune  is  very  close  to  the  Sun,  a  morning  star,  having 
passed  conjunction  on  June  23d. 

August. 

Mercury  is  a  morning  star  at  the  beginning  of  the  month, 
rising  about  an  hour  before  sunrise,  but  it  rapidly  nears  the 
Sun  and  passes  superior  conjunction  on  August  nth,  becoming 
an  evening  star.  By  the  end  of  the  month  it  has  moved  far 
enough  away  from  the  Sun  to  set  nearly  an  hour  and  a  half 
later ;  and  it  can  therefore  be  seen  in  the  evening  twilight  if  the 
air  is  clear. 

Venus  is  drawing  nearer  the  Sun,  and  the  time  between  the 
rising  of  the  planet  and  that  of  the  Sun  shortens  up  nearly  half 
an  hour.  The  planet  moves  about  360  eastward  from  Gemini 
into  Cancer,  and  lessens  its  distance  from  the  Sun  about  8° 
during  the  month. 

Mars  is  increasing  its  apparent  distance  from  the  Sun,  and 
by  the  end  of  the  month  rises  at  about  2  a.  m.  It  moves  east- 
ward about  200  in  the  constellation  Gemini  and  during  the  latter 
part  of  the  month  is  south  of  the  principal  stars  Castor  and  Pol- 
lux, at  about  the  same  distance  from  the  nearer  as  the  stars  are 
from  each  other.  The  planet  will  not  be  very  bright,  but  can 
readily  be  distinguished  by  its  ruddy  color.  On  August  1st 
Mars  is  in  conjunction  with  Venus. 

Jupiter  comes  to  opposition  on  August  5th,  and  is  therefore 
above  the  horizon  practically  the  entire  night.  It  is  still  in 
Capricorn  and  moves  westward  rather  more  than  30. 

Saturn  is  above  the  horizon  until  long  after  midnight.  It  is 
in  the  western  part  of  Capricorn  and  moves  westward  about  2°. 
It  approaches  Jupiter  about  2°  during  the  month,  their  distance 
apart  at  the  close  of  the  month  being  about  180. 
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Uranus  is  in  the  western  sky  in  the  evening,  but  is  high 
enough  for  convenient  observation  until  quite  late.  It  changes 
its  position  only  a  little  during  the  month,  and  it  may  still  be 
found  by  its  nearness  to  0  Ophiuchi.  The  planet  is  about  a 
degree  farther  west  of  the  star  than  it  was  on  July  ist. 

Neptune  is  farther  away  from  the  Sun  than  during  July, 
but  needs  a  telescope  to  show  it. 


July- August,  1902. 
Phases  of  the  Moon,  P.  S.  T. 


1902, 


July 


Aug. 


July 


Aug. 


July 


Aug. 


New  Moon 

••  •  July     5» 

<tb    59-  A. 

M. 

First  Quarter 

.  July    12, 

4     47 

Full  Moon 

.  July    20, 

8     45 

Last  Quarter 

.  July    27, 

9     15    p-m. 

New  Moon 

.   Aug.    3, 

12     17 

First  Quarter  . 

.   Aug.  10, 

8     24 

Full  Moon 

.   Aug.  18, 

10       3 

Last  Quarter 

.  Aug.  26, 

3      4  a.m 

The  Sun. 

\. 

R.  A.        Decllnatio 

a.            Rises. 

Transits. 

Sets. 

I, 

6*38"   " 

-230 1 

0'    4fc39"A.M 

I2b    3"  P.M. 

7fc27"P.M 

II, 

7  19    - 

-22  1 

2     4  45 

12     5 

7  25 

21, 

7  59    ~ 

-20  3- 

7      4  53 

12      6 

7  19 

3«. 

8  39    ~ 

-  18  2 

7      5     1 

12      6 

7  11 

10, 

9  17     - 

-15  4; 

1      5    10 

12     5 

7     0 

20, 

9  55     - 

-  12  41 

1      5    19 

12       3 

6  47 

30, 

10  32     - 

-    9  i« 

>      5   29 
Mercur  y. 

12       I 

6  33 

I 

5  20     - 

-184 

4      4     5  A-M 

II     l6    A.M. 

6    22    P.M 

II, 

5  55     " 

-  19  5 

2      3  30 

IO   41 

5  52 

21, 

6  36     - 

-21   5< 

:>      3  24 

10  43 

6     2 

3i> 

7  49     " 

-21  4< 

9      3  58 

II     16 

6  34 

10, 

9  15     " 

-17  4' 

1      5     1 

12       3    P.M. 

7     5 

20, 

10  31     - 

-  10  5* 

1      6     1 

12    39 

7   15 

30. 

11  34     ~ 

-    3  2. 

*      6  52 
Venus. 

I       3 

7    14 

1, 

3  59     - 

-18  3* 

\       2    19    A.M. 

9    24     A.M. 

4    29     P.M. 

11, 

4  48     - 

-  20  46 

>      2  20 

9  34 

4    48 

21, 

5  38     - 

-22     c 

)      2  26 

9  45 

5     4 

3i, 

6  29     - 

-22  32 

»      2  36 

9  57 

5   18 

10, 

7  21     - 

-21    5: 

\      2  50 

10     9 

5  28 

20, 

8   13     " 

-  20   n 

3   10 

10  21 

5  32 

30, 

9     3" 

"  17 

31 

3  3i 

10  32 

5  33 
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Mars. 


July      1, 

5 

3 

-23 

4 

3     6  a.m.  10  29 

A.M 

.    5   52    PM. 

11, 

5 

33 

-23  41 

2  53 

10  19 

5  45 

21, 

6 

2 

-23  56 

2    41 

10    9 

5  37 

3i» 

6 

32 

-23  51 

2    32      . 

9  59 

5  26 

Aug.  10, 

7 

0 

-23 

26 

2    23 

9  48 

5  13 

20, 

7 

28 

-22 

43 

2    15 

9  37 

4  59 

30, 

7 

56 

-  21 

43 

2       7 

9  25 

4  43 

Jupiter. 

July      1, 

21 

16 

-16 

43 

9   41    P.M.      2   43 

A.M 

7  45  a.m. 

Aug.     1, 

21 

2 

-17  48 

7  3o 

12  28 

5  26 

Sept.    1, 

20 

47 

-18 

52 

5  13 

10    6 

P.M. 

2  59 

Sa  turn. 

July     1, 

19 

5i 

-  21 

4 

8  33  P.M.      1    18 

A.M. 

6     3   A.M. 

Aug.    1, 

'9 

4i 

-21 

3i 

6  20 

11     3 

P.M. 

3  46 

Sept.    i, 

19  34 

-21 

5i 

4  12 

8  53 

1  34 

Uranus. 

July      1, 

17 

10 

-23 

2 

5  56  a.m.  10  33 

P.M 

.    3    IO  A.M. 

Aug.     1, 

17 

6 

-  22 

57 

3  5i 

8  28 

I       5 

Sept.    1, 

17 

5 

—  22 

56 

1  48 

6  25 

II       2   P.M. 

Neptune. 

July      1, 

6 

6 

+  22 

21 

4    II  A.M.    II    32 

A.M. 

6  53    P.M. 

Aug.     1, 

6 

11 

+  22 

20 

2    14 

9  35 

4  56 

Sept.     1, 

6 

15 

+  22 

18 

12    15 

7  36 

2  57 

Eclipses 

of  Jupiter's  Satellites,  P.  S. 

T. 

(Off  left-hand  limb  before  J 

tugust 

5,  off  right-hand  limb  afterward, 

u  seen  in  an  inverting 

t 

elescope.) 

I,  D,   July 

1, 

i 

[h40" 

■a.m. 

1, 

D,   Aug 

•    I, 

IO*  I5"P.M. 

I,  D, 

2, 

\ 

*     9 

P.M. 

1, 

D, 

3. 

4  44 

II,  D, 

3, 

i 

I  26 

1, 

R, 

9, 

2    26    A.M. 

I,  D, 

8, 

I 

5  34 

A.M. 

1, 

R. 

IO. 

8    55  P.M. 

I,  D, 

9. 

IC 

>    3 

P.M. 

11. 

R. 

12, 

I     29    A.M. 

II,  D, 

10, 

I] 

:     0 

in, 

R, 

12, 

4   51   P.M. 

III,  D, 

I4> 

c 

>  17 

1, 

R, 

17, 

10  50 

I,  D, 

16, 

I] 

1  57 

1, 

R, 

19. 

5    18 

II,  D, 

18, 

] 

t  35 

A.M. 

in, 

R, 

19, 

8   51 

I,  D, 

18, 

t 

>  26 

P.M. 

11. 

R, 

", 

5  22 

III,  D, 

21, 

] 

17 

A.M. 

1, 

R. 

25. 

12    45    A.M. 

I,  D, 

24, 

] 

E    52 

1, 

R, 

26, 

7    13  p-m. 

II,  D, 

25, 

A 

r    1° 

in, 

R, 

27. 

12    53   A.M. 

I,  D, 

25, 

i 

i  21 

P.M. 

IV, 

D, 

29. 

6       O   P.M. 

II,  D, 

28, 

c 

;  27 

11, 

R. 

29. 

7  58 

I,  D, 

3i, 

3  47 

A.M. 

IV, 

R, 

29. 

10  43 
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TWO     RECENT    VOLUMES    OF     DOUBLE -STAR 
MEASURES.* 


A  Review,  by  R.  G.  Aitken. 


We  have  several  times  called  attention  in  these  Publications 
to  the  fact  that  the  progress  of  double-star  astronomy  in  the 
last  few  years  has  been  very  satisfactory ;  the  well-known  binary 
stars  have  been  followed  more  carefully  than  ever  before,  and 
their  orbits  revised  and  corrected  by  means  of  the  new 
measures;  old  and  neglected  pairs  have  been  looked  up  and 
measured;  many  new  pairs  have  been  discovered;  and  two  of 
the  most  important  catalogues  of  double  stars — Burn  ham's 
and  Otto  SrauvE'st — have  been  published  in  such  form  as  to 
put  all  data  relating  to  the  stars  they  contain  in  convenient  form 
for  study. 

But  the  field  is  large  and  the  toilers  in  it  even  now  none 
too  many.  Especially  do  we  need  all  the  measures  we  can  get 
of  the  closer  double  stars — those  that  require  large  telescopes 
for  their  accurate  measurement.  Such  contributions  as  the 
two  volumes  now  under  consideration  are  for  this  reason  par- 
ticularly welcome. 

The  first  one  contains  the  observations  of  900  double  stars 
made  by  Mr.  Eric  Doolittle  with  the  new  18-inch  telescope  of 
the  Flower  Observatory,  between  the  dates  of  January  1,  1897, 
and  October  15,  1900.  His  observing  list  comprised  "348/3 
stars,  principally  those  which  have  not  been  measured  since 
1891,  or  of  which,  for  other  reasons,  the  character  of  the  mo- 
tion is  uncertain  ;  471  miscellaneous  stars,  principally  neglected 
pairs  of  the  Herschels  and  Struves.  and  including  those  {22) 
which  are  believed  to  be  new ;  55  stars  noted  as  double  in  the 
catalogues  of  the  A.  G.  Zones,  55°-7o°,  and  previously  meas- 
ured by  Burn  ham  ;  and  33  stars  of  the  40  binary  stars  whose 
orbits  have  been  computed  by  Dr.  See.'' 


*  Publications  of  the  University  of  Pennsylvania,  Astronomical  Scries,  Vol.  I,  Part  111. 
Measures  of  nine  hundred  Double  and  Multiple  Stars,  made  with  the  Kighteen-inch  Re- 
efractor  of  the  Flower  Astronomical  Observatory,  by  Eric  Dooi.ittlk. 

Publications  de  Poulkovo,  Serie  II,  Vol.  XII.  Mikromcter-Messungen  von  Dnppel- 
sternen  ausgeftihrt  am  30-zolligen  Refractor  zu  Pulkowa  von  Hkrmann  Struvk. 

t  By  W.  J.  Husshy,  as  Vol.  V,  Publications  of  the  Lick  Observatory. 
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The  fact  that  Mr.  Doolittle  in  selecting  his  list  of  stars 
had  the  benefit  of  advice  from  Mr.  Burnham,  to  whose  kind- 
ness all  of  the  younger  double-star  observers  owe  so  much, 
is  in  itself  sufficient  evidence  that  the  work  was  worth  doing; 
and  a  study  of  the  measures  shows  that  the  work  was  well 
done.  In  general,  each  star  was  measured  on  at  least  three 
nights,  the  more  rapid  binaries  in  some  cases  on  as  many  as 
fifteen  or  twenty  nights,  and  great  care  was  exercised  to  make 
the  separate  settings  independent  and  to  free  the  measures  as 
far  as  possible  from  systematic  errors.  The  results  have  been 
printed  in  very  convenient  and  neat  form,  giving  the  observed 
data  without  any  superfluous  matter. 

Professor  Struve's  volume  contains  the  results  of  the 
observations  made  by  him  in  the  period  1 885-1 895  with  the 
30-inch  telescope  at  Pulkowa.  His  working-list  during  the 
first  year  was  made  up  of  /3  stars,  which  were  too  difficult  for 
observation  with  the  15-inch  refractor.  To  those  were  added  in 
the  following  year  all  the  Struve  and  Otto  Struve  stars  which, 
according  to  the  measures  by  Struve,  Otto  Struve,  and 
Dembowski,  had  given  evidence  of  motion,  and  also  a  few 
other  interesting  stars.  This  brought  the  total  number  of 
stars  to  about  900, — 470  2  stars,  190  02  stars,  200  /3  stars,  and 
30  miscellaneous  pairs.  As  the  telescope  was  also  used  for 
extensive  series  of  satellite  measures  and  for  spectroscopic 
work,  the  work  on  this  double-star  programme  was  so  much 
interrupted  that  when  Professor  Struve  left  Pulkowa  in  1895 
measures  had  been  made  of  but  750  of  these  pairs.  Special 
attention  had  been  given,  however,  to  the  closer  pairs  and  those 
in  rapid  motion, — as  for  example,  £  Cancri,  c  Hydra,  £  Herculis, 
and  hEquulci, — and  in  all  about  3,100  separate  measures  were 
made. 

Professor  Struve  devotes  the  greater  part  of  his  introduc- 
tion to  this  volume  to  the  discussion  of  the  systematic  errors  of 
his  observations. 

In  measuring  the  angle  of  pairs  separated  by  5"  or  more, 
he  followed  the  method  of  bisecting  both  stars  with  a  single 
wire ;  but  the  position-angles  of  the  closer  pairs  were  measured 
by  the  "  usual  method," — that  is,  by  placing  the  stars  midway 
between  two  wires  slightly  separated. 

Four  settings  were  generally  made,  the  eyes  being  kept 
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parallel  or  perpendicular  to  the  line  joining  the  stars.  Double 
distances  were  measured,  four  settings  being  made  ordinarily. 

To  determine  the  systematic  errors  directly,  many  of  the 
stars  were  measured  repeatedly  at  different  hour-angles  and 
with  eyes  parallel  and  perpendicular  to  the  line  joining  the 
stars,  and  measures  with  a  very  high  power  were  also  com- 
pared with  those  made  with  the  lower-power  eye-piece,  which 
was  more  generally  used. 

Professor  Struve  concludes  that  his  observations  in  angle 
are  affected  by  small  systematic  errors,  which,  in  the  case  of 
angles  measured  by  the  "  usual  method,"  vary  with  the  hour- 
angle  and  the  position  of  the  eyes.  The  position  of  the  fainter 
star,  to  the  right  or  left,  above  or  below  the  primary,  also 
exercises  an  appreciable  effect.  The  measures  made  by  the 
method  of  bisection  do  not  seem  to  be  affected  by  the  hour- 
angle  nor  by  the  position  of  the  eyes.  But  while  the  systematic 
errors  seem  to  be  real,  they  are  in  all  cases  small,  the  final 
result  being  that  his  angle-measures  require  an  average  cor- 
rection of +  o°.42. 

This  direct  investigation  is  confirmed  by  comparisons  with 
the  measures  of  W.  Struve  and  Dembowski,  which  lead  to 
an  average  correction  of  +o°.38. 

The  comparison  of  his  distance-measures  with  those  of 
these  two  observers  indicates  that  his  own  are  practically  free 
from  systematic  errors. 

Professor  Struve  also  gives  an  interesting  comparison  of 
his  measures  of  twenty-seven  binary  stars  with  the  computed 
positions  derived  from  Dr.  See's  orbits.  The  table  shows  the 
observed  positions,  the  residuals  H2  —  computed,  and  also  the 
residuals  (O  —  C)  given  by  Dr.  See  for  the  corresponding 
dates.  Dr.  Struve,  for  reasons  that  are  readily  apparent, 
does  not  use  this  material  to  determine  his  systematic  errors 
definitely.  But  it  occurred  to  me  in  examining  the  table  that 
corroborative  testimony  could  be  drawn  from  it  by  comparing 
the  two  columns  of  residuals.  This  would  give  residuals 
H2  —  O  where  O  indicates  the  mean  of  the  observed  posi- 
tions as  combined  by  Dr.  See  for  the  basis  of  his  computations. 
Assuming  these  means  to  be  free  from  systematic  error  (an 
assumption  not  wholly  warranted)  the  residuals  will  give  H. 
Struve's  systematic  errors.     I  have  made  this  comparison,  and 
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find  that  the  average  residual  in  angle  (omitting  two  abnormal 
residuals  of  +  I3°.6  and  +  i6°4,  respectively)  is  —  o°.32,  and . 
in  distance  +  o".028.    The  systematic  corrections  are  therefore  ( 
+  o°.32  and  — o".028,  results  which,  so  far  as  their  evidence* 
goes,  confirm  the  observer's  own  conclusions. 

Professor  Struve  has  also  investigated  the  probable  error 
of  his  measures  dividing  the  stars  into  classes  according  to  the 
measured  distances.  He  finds  that  the  maximum  probable  error 
is  less  than  ±  o".09  in  either  coordinate, — a  result  that  is  very 
satisfactory. 

It  is  evident  from  these  investigations  that  the  measures 
possess  a  high  degree  of  accuracy. 

It  may  perhaps  be  noted  as  a  matter  of  some  practical  inter- 
est that  both  Doolittle  and  Struve  differ  from  the  present 
observers  at  the  Lick  Observatory  (and,  I  believe,  from  Burn- 
ham  and  Barnard  also)  in  their  method  of  measuring  the 
angles  of  "  stars  not  very  far  apart."  They  place  the  stars 
midway  between  two  wires  separated  by  a  few  seconds  of  arc ; 
we  use  the  method  of  bisection  with  a  single  wire.* 

The  former  method  is  the  one  used  by  practically  all  the 
earlier  double-star  observers,  and  by  many  excellent  observers 
at  the  present  time  as  well ;  but  I  am  satisfied  that  better  results, 
— that  is,  results  more  likely  to  be  free  from  systematic  error, — 
are  attainable  by  the  latter  method,  especially  if  the  use  of  the 
tangent-screw  is  dispensed  with  and  the  settings  are  made 
with  the  pinion,  the  wire  being  moved  quickly  to  either  side  of 
the  true  position  a  number  of  times  before  final  adjustment. 


'See  Professor  Hussar's  statement,  which  represents  my  observing  practice  as  well, 
in  Publications  Lick  Observatory,  Vol.  V,  p.  13. 


NOTICES    FROM    THE    LICK   OBSERVATORY/ 


Prepared  bv   Members  of  the  Staff. 


The  Great  Southern  Comet  of  1901. 

Shortly  before  the  total  eclipse  of  1901,  May  i8th,  a  very 
bright  comet  appeared  in  the  southern  sky,  being  discovered 
almost  simultaneously  at  a  number  of  places.  The  first  reported 
sight  of  it  in  Sumatra  was  on  May  3d,  by  Mr.  W.  W.  Din- 
widdle, of  the  U.  S,  Naval  Observatory  expedition  at  Solok. 
It  was  then  near  the  Sun  in  the  evening  sky,  but  very  bright 
and  conspicuous  even  in  bright  twilight. 

The  comet  was  not  seen  in  Padang  until  the  evening  of 
May  5th.  It  was  then  brilliant,  with  a  tail  6°  or  8°  in  length, 
although  it  is  said  to  have  lost  much  of  its  light  in  the  interval 
of  two  days. 

On  May  < >t li,  the  Pierson-Dallmeyer  camera  for  use  at  the 
eclipse  was  temporarily  mounted,  and  on  the  same  evening  four 
exposures  were  made.  The  longest  exposure  was  seven  min- 
utes, and  recorded  the  tail  to  a  distance  of  40. 

The  accompanying  illustration  is  from  the  second  negative 
obtained,  with  an  exposure  of  three  minutes,  and  is  enlarged 
two  diameters,  The  tail  on  this  plate  is  shown  to  a  distance  of 
3H°i  ailfl  a  second  very  faint  streamer  is  to  be  seen  to  the  south, 
making  an  angle  of  about  35°  with  the  principal  tail.  The 
principal  tail  appears  to  be  of  the  hollow  cylindrical  type  usually 
seen  in  the  case  of  large  comets,  especially  those  making  a  near 
approach  to  the  Sun. 

The  nucleus  of  the  comet  and  the  star-images  are  seen 
elongated,  owing  to  the  lack  of  means  to  correct  for  the  varying 
refraction  and  the  irregularities  of  the  driving  clock. 

C.  D,  Perrine. 

Mt.  Hamilton,  CALIFORNIA,  1902,  May  15. 

*  Lick  Astronomical  Department  of  the  University  of  California. 
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Note  on  Comet  Brooks. 

The  telegram  announcing  the  discovery  of  a  comet  by  Dr. 
W.  R.  Brooks  was  received  here  on  the  morning  of  April  16th. 
It  was  observed  the  following  morning  (Thursday)  with  the 
1 2-inch  telescope,  and  was  found  to  be  a  rather  bright  tele- 
scopic object.  By  comparison  with  neighboring  stars,  its  light 
was  estimated  as  about  equal  to  that  of  a  star  of  8.5  magnitude. 
A  straight  tail  could  be  traced  fully  half  a  degree,  in  position- 
angle  295°.5  (April  16  at  i6h  5m,  Mt.  Hamilton  M.  T.)  or 
directly  away  from  the  Sun.  The  condensation  in  the  head  of 
the  comet  was  well  defined,  but  there  was  no  stellar  nucleus. 

On  the  following  morning  the  sky  was  cloudy,  but  the 
comet  was  seen  twice  at  intervals  of  nearly  five  minutes,  and 
each  time  for  only  a  few  seconds.  Advantage  was  taken  of 
these  glimpses  to  make  one  setting  each  in  R.  A.  and  Decl. 
Owing  to  continued  bad  weather,  the  comet  has  not  been  seen 
here  since.  As  the  comet  was  rapidly  approaching  the  Sun, 
and  as  no  observations  were  received  here  for  dates  later  than 
April  16th,  I  used  the  Koenigsberg  and  Mt.  Hamilton  observa- 
tions of  that  date  (the  time  interval  between  them  being  about 
10J/2  hours)  and  the  incomplete  observations  of  the  17th  to 
derive  an  approximate  set  of  elements,  with  the  following 
result:—  T  =  May  6.82 

o>  =  226°  13' 

"=    51    3i 

i=    68    18 

Natural  q  =  0.4643. 

Because  of  the  uncertainty  of  the  third  observation,  these 
elements  were  considered  as  merely  a  rough  approximation, 
but  it  will  be  seen  that  they  are  in  close  agreement  with  those 
cabled  later  on  from  Kiel,*  which  were  based  on  observations 
made  in  Europe  on  April  16th,  17th,  and  18th.  They  show 
that  the  comet  will  not  be  visible  to  observers  in  the  northern 
hemisphere  for  several  months.  By  that  time  it  will  be  so  far 
from  the  Earth  and  Sun  that  it  is  very  doubtful  whether  it  will 
be  bright  enough  to  be  seen.  It  is  to  be  hoped  that  observers  in 
the  southern  hemisphere  have  been  more  fortunate  in  securing 
measures  of  this  comet  than  those  in  Europe  and  America. 

May  f4,  1902.  R.  G.  AlTKEN. 

*  Sec  Astronomical  telegrams,  on  another  page  of  this  number. 
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Measures  of  the  Companion  of  Sirius. 
During  the  present  season  I  have  obtained  the  following 
measures  of  the  companion  of  Sirius  with  the  thirty-six-inch 
refractor : — 


1901.853 

I29°.2 

5"-30 

1902.237 

127  .8 

5  -32 

•239 

127  .6 

5  -57 

.241 

126  .3 

5.58 

.252 

126  .4 

5  -49 

•255 

125  .2 

5  -48 

1902.18  i27°.i         5".46 

The  interpolated  place  of  the  companion  for  the  mean  date 
from  Zwiers's  ephemeris  is  I25°.3,  5"48. 

W.  H.  Hussey. 

Measures  of  the  Companion  to  S/rjc/s. 
The  following  measures  of  the  companion  to  Sirius  were 
made  with  the  36-inch  telescope,  using  an  eye-piece  with  a 
power  of  520.  The  observing  conditions  were  most  favorable 
on  the  second  night.  On  the  last  night  the  seeing  was  poor, 
and  measures  were  made  with  difficulty : — 

0  p  Sid.  Time. 


1902.238 

i27°-5 

5"-5Q 

8h.o 

.241 

126  .0 

5  46 

7  -o 

.252 

129  -5 

5  -5' 

8  -3 

1902.24  127  7        5  .49 

Zwiers's  orbit  gives  the  position  for  1902.24  as  124  .8,  5". 51. 
May  15,  1902.  R.  G.  Aitken. 

Personal  Notes. 

Dr.  \Y.  W.  Campbell,  Director  of  the  Lick  Observatory, 
was  elected  to  membership  in  the  National  Academy  of  Sci- 
ences at  the  last  annual  meeting',  held  in  Washington,  D.  C,  on 
April  17th. 

Dr.  S.  D.  Town  ley,  of  the  Astronomical  Department  at 
Berkeley,  will  spend  the  summer  vacation  at  the  Lick  Observa- 
tory, devoting  his  time  to  the  observation  of  variable  stars  and 
to  other  photometric  work. 
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Astronomical  Telegrams. 
(  Translations.) 

Cambridge,  Mass.,  April  16,  1902. 
To  Lick  Observatory.  (Received  11:00  a.  m.) 

Brooks  telegraphs  that  he  has  confirmed  his  discovery  of  a 
comet  on  April  14th;  its  position  at  i6h  (Eastern  Standard 
Time),  April  15th,  was  R.  A.  23*  8m  io8;  Decl.  +  270  25';  its 
daily  motion  I2m  east  and  20  south;  brightish,  with  tail. 

(Signed)        E.  C.  Pickering. 

Mt.  Hamilton,  Cal.,  April  17,  1902. 
To  Harvard  College  Observatory.  (Sent  9:30  a.  m.) 

To  Students'  Observatory,  Berkeley. 

Comet  Brooks  was  observed  by  Aitken  on  April  16- 
.9946  G.  M.  T.  in  R.  A.  23*  2im  7:7;  Decl.  +  250  12'  25". 

(Signed)        W.  W.  Campbell. 

Cambridge,  Mass.,  April  17,  1902. 
To  Lick  Observatory.  (Received  1:00  p.  m.) 

Kiel  cables  that  Comet  Brooks  was  observed  by  Postel- 
mann  at  Koenigsberg  on  April  16.5521  G.  M.  T.  in  R.  A. 
2311  I5m  4i8.i ;  Decl.  +  260  6'  35". 

(Signed)         E.  C.  Pickering. 

Boston,  Mass.,  April  27,  1902. 
To  Lick  Observatory.       (Received  10:00  a.  m.,  April  28.) 

Elements  and  ephemeris*  of  Comet  1902  a  have  been  cabled 
from  Kiel  as  follows: — 

T=May  7:12,  G.  M.  T. 
a)  —  2280  23' 

"=    52    15 

i  =    66    30 

Natural  q  =  0.451 2. 

(Signed)        J.  Ritchie,  Jr. 

To  Dr.  Campbell,  Berkeley,  Cal.,  May  2,  1902. 

Lick  Observatory.  (Received  11:20  a.  m.) 

Elliptic  elementsf  and  ephemeris*  of  Comet  1902  a  were 
computed  by  Stebbins,  Curtiss,  Weymouth,  and  Leuschner 
as  follows: — 


•The  ephemeris  at  four-day  intervals  is  here  omitted. 

t  According  to  a  later  message,  these  elements  are  referred  to  tbe  Equator— not  the 


Ecliptic. 
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T  = 

May  28.39, 

G. 

M. 

T. 

Cl)  = 

274°  3o' 

o  = 

35      3 

i  = 
Natural  q  = 

7i    50 
0.5542 

e  = 

Period  = 

o.3947 
:Q.88  years. 

This  is  a  rough  approximation.     The  orbit  indicates  prob- 
able identity  of  this  comet  with  Comet  1748  II. 

(Signed)  A.  O.  Leuschner. 


GENERAL    NOTES, 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  the  work  of  this  department.  Communications  to  this  end  may  be  sent  to  Frank 
Schlksinger,  International  Latitude  Observatory,  Ukiah,  California. 


During  1901  there  were  discovered  thirty-six  minor  planets, 
all  by  photography,  and  all  but  one  by  the  astronomers  at  Hei- 
delberg, Germany.  The  thirty-sixth,  discovered  at  Arequipa,  is 
an  unusually  interesting  one,  its  orbit  having  a  large  inclination 
to  the  ecliptic  and  having  the  greatest  eccentricity  (0.38)  of 
any  known  minor  planet.  When  discovered  the  planet  was 
within  29  °  of  the  south  pole. 

Dr.  Bauschinger,  Director  of  the  Berlin  Rechen-Institut, 
has  published  a  table  of  statistics  of  the  minor  planets  discov- 
ered up  to  the  end  of  1900,  which  completes  the  first  century  of 
our  knowledge  of  them.  The  ascending  nodes  show  a  decided 
tendency  to  cluster  in  the  neighborhood  of  the  ascending  node 
of  Jupiter's  orbit  which  is  in  satisfactory  agreement  with  New- 
comb's  theoretical  results.  There  seems  to  be  a  slight  tendency 
for  great  inclinations  and  great  eccentricities  to  go  together; 
but  there  is  no  connection  between  eccentricity  and  mean  dis- 
tance. Of  the  inclinations  315  are  under  10%  133  are  between 
io°  and  200,  29  between  200  and  300,  and  one  (Pallas)  over 
30°. 

Arranging  the  planets  in  the  order  of  mean  daily  motions, 
the  gaps  near  900"  and  600"  (that  is,  three  times  and  twice 
Jupiter's  mean  daily  motion)  are  very  strongly  marked.  There 
are  other  less  strongly  marked  gaps.  The  minor  planets  may 
accordingly  be  divided  into  three  groups : — 

The  Mars  Group,  with  mean  daily  motions  between  2,015"  and  900" 
The  Cfiuf  Group,         "  "  "  "  900"    "    600" 

The  Jupiter  Group,      M  "  "  "  600"   "    400" 

These  groups  number  respectively  108,  337,  and  18  planets. 

Dr.  Bauschinger  expresses  the  opinion  that  very  few  minor 
planets  brighter  than  the  tenth  magnitude  remain  to  be  discov- 
ered, but  that  the  fainter  ones  show  no  signs  of  exhaustion. 

A  formula  is  given  for  determining  the  diameters  of  aster- 
oids, the  mean  albedo  (that  is,  the  reflecting  power  per  unit  of 
surface)  being  assumed  as  0.24,  midway  between  those  of 
Mars  and  Mercury.  It  goes  without  saying  that  no  stress  can 
be  laid  upon  individual  diameters  deduced  by  this  method, 
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especially  since  we  know  from  Professor  Barnard's  measures 
on  the  four  brightest  asteroids  that  their  albedoes  vary  greatly. 
Following  are  the  results  of  Professor  Barnard  and  Dr. 
Bauschinger  for  these  four  planets:  — 

Diameter  in  Miles.  Albedo. 

Bauschinger  .  .  Barnard.      Bauschinger  .  .  Barnard. 

Ceres  ....  482  477  0.240  0.195 

Pallas.  .  .   .  364  304  0.240  0-257 

Juno 182  120  0.240  0.488 

Vesta  ....  518  239  0.240  0.825 

Bauschinger's  diameter  for  Eros  is  32  kilometers,  or  20 
miles.  It  would  be  15  miles  if  the  mean  of  Barnard's  albedoes 
(0.44)  were  used. 

The  volumes  of  the  twelve  largest  planets  (Nos.  1,  2,  3,  4, 
7,  9,  10,  15,  16,  22,  29,  349)  form  two  thirds  of  the  volume  of 
all  the  known  minor  planets;  and  since  the  tiny  planets  now 
discovered  add  so  little  to  the  volume,  Dr.  Bauschinger  esti- 
mates that  the  entire  family  (including  those  to  be  discovered) 
would  form  a  sphere  of  diameter  1,320  kilometers,  or  830 
miles.  If  the  albedo  0.44  were  used,  this  diameter  would  be 
reduced  to  610  miles,  or  one  thirteenth  of  the  Earth's;  the 
corresponding  mass  is  one  thirty-three-hundredths  of  the 
Earth's,  or  one  fortieth  of  the  Moon's. 

Such  estimates  are  apt  to  be  fallacious ;  for  there  may  be 
numerous  planets  of  considerable  relative  mass  near  Jupiter's 
orbit  which  are  faint,  owing  to  their  great  distances  from  the 
Earth. 


Only  two  new  comets  were  observed  in  1901.  Giacobini's 
comet,  discovered  on  December  20,  1900,  was  but  little  ob- 
served, owing  to  its  extreme  faintness.  It  was  observed  by 
Aitkkx  on  February  15th,  with  the  36-inch  refractor,  but  this 
is  an  isolated  position,  as  other  measures  ceased  a  month  earlier. 
Dr.  Kkkutz's  short-period  ellipse  represented  the  motion  of 
the  comet  in  February,  but  no  further  inquiry  into  the  orbit  has 
been  made. 

The  brightest  comet  of  the  last  twenty  years  was  inde- 
pendently seen  at  several  places  in  the  southern  hemisphere, 
being  reported  as  early  as  April  12th,  at  Paysandu.  The  most 
northerly  station  at  which  it  was  observed  is  the  Lick  Observa- 
tory, but  the  orbit  rests  entirely  on  measures  taken  in  the  south- 
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ern  hemisphere.  It  moved  through  the  constellations  Pisces, 
Eridanus,  and  Orion,  nearly  parallel  with  the  equator.  Mr. 
Merfield,  employing  three  normal  places,  extending  from 
May  6th  to  June  6th,  derived  a  very  much  elongated  ellipse, 
but  he  appears  to  prefer  a  parabolic  motion.  This  comet  at- 
tracted considerable  attention,  as  the  nucleus  on  May  2d  rivaled 
Sirius  in  luster,  being  decidedly  elliptical  in  shape,  while  the 
tail  had  in  it  a  dark  rift,  which  gave  it  a  bifurcated  appearance. 

The  only  other  comet  besides  these  two  that  has  been  under 
observation  is  that  of  Encke.  The  preparation  of  the  epheme- 
ris  to  assist  its  recovery  was  undertaken  by  Dr.  Thornberg  of 
the  Kronstadt  Observatory,  and  the  comet  was  found  by  Pro- 
fessor Wilson,  of  Northfield,  Minn.,  on  August  5th,  very  near 
the  predicted  place. 

Two  comets  passed  through  perihelion  without  being  seen, 
although  looked  for.  J.  D.  G. 


Chandler's  researches  on  the  Variations  of  Latitude  have 
led  him  to  many  collateral  discoveries  of  the  greatest  interest. 
The  most  recent  of  these  is  his  vindication  of  the  Reflex  Zenith- 
Tube.  This  instrument  was  designed  and  erected  at  Greenwich 
by  Airy,  late  Astronomer  Royal  for  England.  It  is  capable  of 
measuring  with  great  accuracy  the  zenith-distance  of  a  star  at 
its  culmination,  providing  that  this  zenith-distance  is  not  more 
than  a  few  minutes  of  arc.  If  the  star  is  bright  enough  to  be 
observed  during  the  daytime,  and  if  the  observations  extend 
over  several  years,  it  is  possible  thus  to  determine  the  numerical 
values  of  aberration,  nutation,  and  the  star's  absolute  parallax. 
Such  a  series  of  observations  was  carried  out  by  Airy  upon  the 
star  y  Draconis,  but  with  most  unsatisfactory  results.  The 
observations  gave  a  large  negative  parallax  for  the  star — 
manifestly  impossible  to  be  real — and  a  value  for  the  aberration 
so  small  as  to  be  out  of  the  question.  Airy  sought  in  vain  to 
find  the  cause  of  these  discrepancies  in  the  instrument,  and 
finally  discontinued  the  observations  with  great  disappointment 
in  1882.  A  few  observations  (about  300)  were  made  with  the 
instrument  by  the  present  administration  of  the  observatory 
between  1886  and  1899,  for  the  purpose  of  detecting  if  possible 
the  cause  of  the  anomalies,  but  again  without  satisfactory  re- 
sults.    Chandler  has  just  shown  that  when  the  variation  of 
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latitude  (a  phenomenon  unthought  of  in  Airy's  day)  is  taken 
into  account,  things  become  completely  accounted  for,  and  that 
the  instrument  has  done  a  greater  service  for  astronomy  than 
even  its  builder  thought  it  would  do;  for  the  observations 
made  with  it  enable  us  to  compute  the  variation  of  latitude 
during  an  early  period  (1857-1870).  Since  Chandler's  in- 
vestigation has  been  published  Mr.  Christie,  the  present 
Astronomer  Royal,  has  stated  that  the  Reflex  Zenith-Tube 
will  again  be  put  into  service. 


Professor  W.  H.  Pickering  calls  attention  in  the  Monthly 
Notices  of  the  Royal  Astronomical  Society  to  what  he  names 
the  "green  flash"  at  sunset.  He  has  noticed  several  times  that 
for  a  second  or  so,  at  the  final  disappearance  of  the  Sun's  upper 
limb  below  the  horizon,  a  distinctly  green  color  is  seen.  This 
he  accounts  for  as  a  subjective  phenomenon,  or  illusion,  similar 
to  the  complementary  color  which  one  sees  after  gazing  intently 
at  a  bright  surface ;  as  the  edge  of  the  Sun  looks  red  at  sunset, 
its  withdrawal  will  leave  upon  the  eye  the  impression  of  green. 
This  explanation  of  Pickering's  is,  however,  shown  not  to  be 
the  true  one  by  several  observers  who  have  reported  it  at  sun- 
rise, just  before  the  edge  of  the  Sun  makes  its  appearance. 
Lord  Kelvin  reported  this  phenomenon  as  seen  at  sunrise  in 
the  Alps  three  years  ago,  and  Professor  Nijland  of  Utrecht, 
Holland,  has  lately  seen  it  several  times  at  sea.  No  satisfactory 
explanation  has  yet  been  offered.  Valuable  observations  of  the 
"green  flash''  can  be  made  by  any  amateur  who  has  access  to  a 
site  from  which  the  Sun  appears  to  rise  or  set  in  the  true  hori- 
zon. Observations  may  be  made  with  the  naked  eye,  though 
a  small  telescope  or  opera-glasses  will  be  found  advantageous. 
The  observer  should  record  failures  to  see  the  phenomenon  and 
the  general  conditions  of  the  sky,  the  temperature,  etc..  every 
time  he  looks  for  it. 


The  General  Notes  of  the  last  number  of  these  Publications 
contain  a  notice  of  Kapteyn's  brilliant  suggestion  as  to  the 
nature  of  the  nebulous  light  surrounding  Xova  Pcrsci.  This 
theory  has  received  some  confirmation  since  then,  and,  on  the 
other  hand,  some  contrary  evidence  has  been  adduced.  The 
investigations  of  its  parallax   indicate  on   the  whole  that   the 
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Nova  is  at  the  great  distance  demanded  by  Kapteyn's  theory. 
Even  more  strongly  in  its  favor  is  the  fact  pointed  out  by  Mr. 
Ritchey,  that  the  appearance  of  new  patches  of  nebulous  light 
upon  the  photographs  is  just  what  we  should  expect  if  we  are 
seeing  different  sections  of  dark  matter  successively  lit  up  by 
the  light  of  the  Nova.  If  what  we  see  were  matter  flying  from 
the  Nova  with  enormous  velocities  we  should  expect  a  certain 
degree  of  persistence  of  form.  On  the  other  hand,  a  telegram 
from  the  Lick  Observatory  announces  that  Perrine  could  find 
no  trace  of  polarization  (the  inevitable  accompaniment  of  re- 
flection) in  the  light  of  the  nebula.  For  the  present  we  may  feel 
reasonably  sure  that  we  have  to  do  with  either  such  a  condition 
as  Kapteyn  supposes,  or  else,  as  Wolf  suggested,  with  an 
electrical  wave  originating  in  the  Nova.  Still  another  theory 
has  been  advanced,  similar  to  Arrhenius's  explanation  of 
comet-tails, — namely,  that  the  nebula  is  being  driven  from  the 
Nova  by  light-pressure.  It  would  appear  that  this  last  theory 
must  be  abandoned,  as  there  would  result  from  it  an  ever- 
increasing  velocity  in  the  expanding  nebula;  whereas  uniform 
velocity  is  the  observed  fact- 


Professor  E.  C.  Pickering  announces  the  receipt  of  an  un- 
conditional gift  of  $20,000  to  the  Harvard  Observatory  by  a 
friend  whose  name  is  not  made  public.  Professor  Pickering 
states  that  he  intends  to  expend  half  of  it  for  the  immediate 
erection  of  a  proper  building  for  storing  astronomical  photo- 
graphs, and  the  other  half  as  needs  may  arise.  The  reader  is 
probably  aware  that  Harvard  Observatory,  in  conjunction  with 
its  station  at  Arequipa,  takes  photographs  of  the  entire  sky  at 
frequent  intervals.  No  attempt  is  made  to  examine  the  greater 
part  of  these ;  they  are  simply  stored  away  for  future  reference. 
The  great  value  of  these  photographs  has  been  proven  time  and 
again.  They  have  enabled  astronomers  to  fix  the  time  of  the 
appearance  of  Nova  Auriga  in  1892  and  of  Nova  Persei  of 
last  year.  In  a  similar  way  our  knowledge  of  Eros,  discovered 
by  Witt  in  1898,  was  extended  back  several  years.  The  first 
observations  of  many  variables  are  also  to  be  found  on  these 
plates.  Professor  Pickering  hopes  to  increase  still  further  the 
usefulness  of  this  ever-growing  collection  by  making  it  ac- 
cessible to  all  astronomers  who  care  to  consult  it. 
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Professor  Porter,  Director  of  the  Cincinnati  Observatory, 
states  that  the  observatory  is  to  have  a  16-inch  equatorial  tele- 
scope, to  be  made  by  the  firm  of  Alvan  Clark  &  Sons.  A 
30-foot  dome  to  accommodate  such  a  telescope  was  erected  at 
the  observatory  some  years  ago.  The  telescope  is  to  be  devoted 
to  researches  in  the  "old"  astronomy  of  precision. 


During  the  recent  troubles  in  China  some  of  the  German 
soldiery  removed  the  quaint  astronomical  instruments  from 
Pekin's  famous  observatory  and  sent  them  to  Berlin.  There 
was  considerable  feeling  in  Germany  that  the  instruments 
should  be  restored  to  China,  but  this  is  not  to  be  done,  as  the 
following  extract  shows.  It  is  from  a  speech  by  the  Imperial 
German  Chancellor,  before  the  Reichstag,  reported  in  the  New 
York  Sun  of  April  27 : — 

"The  instruments  have  not  been  restored  because  the  Chinese 
Government  attaches  no  importance  to  their  possession,  and  in 
reply  to  German  inquiries,  it  placed  them  at  the  disposition  of  the 
German  Government.  Another  consideration  is,  that  in  accordance 
with  the  peculiar  views  of  the  Chinese,  the  great  mass  of  that 
people  would  have  supposed  that  the  instruments  were  restored  by 
order  of  the  Chinese  Government,  which  would  have  damaged 
German  prestige  in  East  Asia.  The  Dowager  Empress  of  China,  a 
very  clever  woman  who  understands  the  political  situation,  would 
have  been  distinctly  offended,  while  the  masses  would  have  thought 
that  Germany  had  sustained  some  terrible  defeats.  The  instru- 
ments ought  now  to  be  placed  in  the  category  of  presents  from 
government  to  government,  as  this  has  long  been  customary  on 
both  sides  in  our  intercourse  with  China." 


S-  W.  Burniiam,  whose  leisure  has  been  so  fruitful  of 
astronomical  discoveries,  has  resigned  his  office  as  clerk  of  the 
U.  S.  District  Court  for  the  Northern  District  of  Illinois,  and 
intends  hereafter  to  devote  all  his  attention  to  astronomy. 


Frank  E.  Ross  (Ph.D.,  University  of  California,  1901) 
has  been  appointed  Computer  in  the  Nautical  Almanac  Office 
at  the  Naval  Observatory,  Washington,  D.  C. 


J.  N.  Krieger,  an  astronomer  who  occupied  himself  solely 
in  the  study  of  the  Moon's  surface,  died  at  San  Remo,  Italy,  in 
February  last,  in  the  thirty-seventh  year  of  his  age.     Krieger's 
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observations  were  made  at  the  Pia  Observatory,  at  Triest, 
Austria.  He  had  planned  to  publish  a  complete  atlas  of  the 
Moon  in  eight  volumes,  only  one  of  which,  however,  had  ap- 
peared at  the  time  of  his  death.  The  material  for  the  other 
volumes  is  said  to  be  nearly  complete,  and  no  doubt  will  be 
published  eventually. 


On  February  24th,  Richard  Schumacher,  observer  at  the 
Royal  Observatory  at  Kiel,  Germany,  died  at  the  age  of  seventy- 
five  years.  He  was  the  son  of  H.  C.  Schumacher,  founder  of 
the  Astronomische  Nachrichten,  and  had  been  at  various  times^ 
connected  with  the  observatories  at  Altona,  Santiago  (Chile), 
and  Kiel. 


Erratum. — In  these  Publications,  No.  81,  page  221,  line  24, 
for  6th  magnitude,  read  8.6  magnitude. 


122    Publications  of  the  Astronomical  society,  <5fc. 

OFFICERS  OF  THE  SOCIETY. 

Mr.  C.  D.  Pbrrikb President 

Mr.  S.  D.  Town  ley  First  Vice-President 

Miss  R.  O'Halloran Second  Vice- President 

Mr.  Chas.  S.  Cushinc    ......  Third  Vice-President 

Mr.  R.  G.  Aitken    I  A     . 

Mr.  F.  R.  Zibl  \  Secretaries 

Mr.  F.  R.  Zibl Treasurer 

Board  of  Directors— Messrs.  Aitken,  Babcock,  Campbell,  Cushing,  Lhuschner,  Molera, 

Miss  O'Halloran,  Messrs.  Pbrrine,  Pibrson,  Townley,  Ziel. 
Finance  Committee — Messrs.  Pibrson,  Cushing,  Babcock. 
Committee  on  Publication — Messrs.  Aitken.  Galloway,  Schlbsingbr. 
Library  Committee— Mr.  Town  lev,  Miss  O'Halloran,  Mr.  Brasch. 
Committee  on  the  Comet-Afedai—Messn.  Campbell  (ex-o0lcio)t  Pibrson,  Burckhalter. 

OFFICERS  OF  THE  CHICAGO  SECTION. 
Executive  Committee — Mr.  Ruthvbn  W.   Pike. 

OFFICERS  OF  THE  MEXICAN  SECTION. 
Executive  Committee— Mr.  Felipe  Vallk, 


NOTICE. 

The  attention  of  new  members  Is  called  to  Article  VIII  of  the  By  Laws,  wh  ich  provides 
that  t  he  annual  subscription,  paid  on  election,  covers  the  calendar  year  only.  Subsequent 
annual  paj  menu  are  due  on  January  ivt  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible.  L)uts  sent  by  mail 
should  be  directed  to  Astronomical  Sociely  of  the  Pan  tic,  S19  MarLi-i  Street,  San  Francisco. 

It  is  intern  kd  that  each  member  of  the  Society  shall  receive  a.  copy  of  each  one  of  the 
Ptiblicativtts  fur  the  year  In  which  be  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunBtcJy}  any  omissions  In  this  nunu-r,  it  Is  requested  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Pubiicatu^t  of  the  Soi  U-iy  as  sent  to 
them.  Om  e  each  year  a  title-page  and  contents  of  the  preceding  numbers  w\  1 1  also  be  sent 
lo  the  mem  bets,  who  can  then  bind  The  numbers  together  into  a  volume-  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  slock  in  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
nonresident  member  within  the  United  States  ran  obtain  books  from  the  Society's  library 
hv  sending  his  library  card  with  ten  cents  in  stamps  to  the  Secretary  A.  S.  P.,  S'19  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  arc 
printed  in  the  Publication*  is  de(  ided  simply  by  convenience.  In  a  general  way,  those 
papers  are  printed  first  which  aTe  earliest  accepted  for  publication.  It  is  not  possible  t<» 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  lor  reading  should  hecoinmunicated  to  either  of  the  Secretaries  a«- 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  wi. I 
semi  to  any  member  of  the  Society  suitable  stationery,  stamped 'with  the  seal  of  the 
So*,  lety,  at  cost  price,  as  follows:  a  block  of  letter  paper,  40  cents;  of  note  paper,  .?s  cent-.: 
a  package  of  envelopes,  25  cents.  These  prices  in<  hide  postage,  and  should  be  remitted 
by  money -oider  or  in  U.  S.  postage  stamps.     The  sen  dings  are  at  the  risk  of  t  h.ememl)et . 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  th- 
summer  should  communicate  with  "The  Secretary  Astronomical  Society  of  the  Pacific"' 
at  the  rooms  of  the  Society,  Htq  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  etc 


PUBLICATIONS   ISSUED    BI-MONTHLY. 
(Februarys  Aptil,  June,  August,  October,  December.) 


PUBLICATIONS 

OF     THE 

Astronomical  Society  of  the  Pacific. 

Vol.  XIV.      San  Francisco,  California,  August  i,  1902.        No.  85. 

PLANETARY  PHENOMENA  FOR  SEPTEMBER  AND 
OCTOBER,  1902. 


By  Malcolm  McNeill. 


September. 

The  Sun  crosses  the  celestial  equator  and  the  autumnal 
equinox  occurs  September  23d,  4  p.m.,  Pacific  time. 

Mercury  is  not  favorably  situated  for  naked-eye  observa- 
tion, although  it  is  an  evening  star  and  at  a  considerable 
distance  from  the  Sun.  It  reaches  greatest  east  elongation  on 
September  24th,  and  this  elongation  (260)  is  the  greatest  east 
elongation  for  the  year,  since  it  occurs  only  eleven  days  after 
the  planet  passes  its  aphelion.  But  the  planet  is  io°  south  of 
the  Sun,  and  this  causes  a  great  shortening  of  the  interval 
between  the  setting  of  the  Sun  and  the  planet.  The  interval 
is  less  than  one  hour  throughout  the  month.  On  September 
20th  Mercury  passes  13'  south  of  the  first  magnitude  star 
a  Virgin  is. 

Venus  is  still  a  morning  star,  but  is  beginning  to  approach 
the  Sun  quite  rapidly,  and  the  interval  between  rising  of  the 
planet  and  of  the  Sun  shortens  from  about  two  hours  to  about 
an  hour  and  fifteen  minutes.  It  moves  about  35  °  eastward  and 
southward  through  the  constellation  Leo,  and  on  September 
nth  passes  south  of  the  first-magnitude  star  Regulus,  a  Leonis, 
at  a  distance  about  equal  to  the  Moon's  apparent  diameter. 

Mars  rises  about  three  hours  before  the  Sun ;  so  it  can  be 
very  easily  seen  in  the  early  morning,  although  it  has  not  yet 
brightened  up  enough  to  be  at  all  conspicuous.  It  moves  190 
east  and  40  south  in  the  constellation  Cancer.  No  bright  stars 
are  near  it,  but  it  passes  between  y  and  $  Cancri  on  September 
15th. 
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Jupiter  is  above  the  horizon  until  after  midnight.  It  is 
moving  westward,  retrograding,  about  2°  during  the  month 
in  the  constellation  Capricorn. 

Saturn  is  also  in  fine  position  for  evening  observation.  It  is 
in  the  same  constellation  as  Jupiter,  and  about  170  west  of 
that  planet.  Its  motion  is  retrograde  until  September  26th,  but 
is  quite  small  in  amount. 

Uranus  is  in  the  western  sky  in  the  evening,  and  sets  at 
about  9  p.m.  at  the  close  of  the  month.  The  nearest  noticeable 
star  is  the  third-magnitude  0  Ophiuchi,  20  east  and  20  south  of 
>th£  planet.  The  planet  approaches  the  star  about  half  a  degree 
during  the  month. 

Neptune  rises  before  midnight  soon  after  September  1st. 
It  is  in  the  western  part  of  the  constellation  Gemini. 

I  October. 

There  will  be  an  eclipse  of  the  Moon  on  the  evening  of 
October  16th.  It  will  be  total,  and  will  be  visible  generally 
throughout  the  United  States.  The  totality  will  last  from  9h 
I9m  to  ioh  48™,  Pacific  time,  and  the  partial  phase  will  begin 
about  an  hour  before  totality  and  continue  an  hour  after  totality 
is  ended. 

There  will  also  be  a  partial  eclipse  of  the  Sun,  visible  only 
in  the  Eastern  Hemisphere,  on  October  31st.  The  maximum 
obscuration  will  be  about  seven  tenths  of  the  Sun's  diameter. 

Mercury  is  too  near  the  Sun  to  be  seen  until  the  end  of  the 
month,  and  passes  inferior  conjunction,  becoming  a  morning 
star,  on  October  19th.  It  may  be  possible  during  the  last  few 
days  to  see  it  in  the  morning  twilight,  but  the  conditions  are  not 
very  good. 

Venus,  which  has  been  the  brightest  of  the  planets  in  the 
morning  sky  for  months,  is  now  drawing  very  close  to  the  Sun 
and  by  the  end  of  October  rises  only  about  half  an  hour  before 
sunrise.  However,  the  planet  is  so  much  brighter  than  the 
others  that  it  may  be  possible  to  follow  it  throughout  nearly 
the  entire  month. 

Mars  rises  about  one  minute  earlier  each  day,  so  that  by 
the  end  of  the  month  it  appears  above  the  horizon  at  a  little 
after  1  o'clock  in  the  morning.  It  can  not,  however,  be  seen 
bv  the  naked  eve  for  an  hour  or  more  after  it  rises,  since  it  is 
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still  not  very  bright.  It  is  about  one  quarter  nearer  us  than  it 
was  in  May,  and  consequently  about  twice  as  bright.  It  moves 
about  1 70  east  and  6°  south  through  Leo,  and  on  October  20th 
it  passes  about  i°  north  of  the  first-magnitude  star  Regulus, 
a  Leonis. 

Jupiter  sets  two  hours  earlier  than  during  September,  but 
is  still  in  fine  position  for  evening  observation.  Shortly  after 
the  beginning  of  the  month  it  resumes  its  eastward  motion,  and 
by  the  end  of  the  month  it  has  about  the  same  position  among 
the  stars  that  it  held  in  early  September. 

Saturn  sets  about  an  hour  before  Jupiter,  but  is  still  in  good 
position  for  early  evening  observation.  It  also  moves  eastward 
about  i°  during  the  month. 

Uranus  sets  quite  early  in  the  evening,  and  is  too  low  down 
after  twilight  disappears  for  easy  identification. 

Neptune  rises  late  in  the  evening.  It  is  moving  slowly  west- 
ward in  Gemini, 


1902 


Oct. 


September-October,  1902. 
Phases  of  the  -Moon,  P.  S.  T. 


New  Moon, 

.   Sept.    1, 

9h 

i9m 

P.  M. 

First  Quarter, 

.   Sept.    9, 

2 

15 

Full  Moon, 

.   .   Sept.  17, 

10 

23 

A.M. 

Last  Quarter, 

.   Sept.  24, 

8 

3i 

New  Moon, 

.   Oct.      1, 

9 

9 

First  Quarter, 

.   Oct.     9, 

9 

21 

Full  Moon, 

.   Oct.    16, 

10 

1 

P.M. 

Last  Quarter,  . 

.   Oct.   23, 

2 

58 

New  Moon, 

.   Oct.   31, 
The  Sun. 

12 

14 

A.M. 

R.  A.        Declina 

tio 

a.              Rises. 

Transits. 

Sets. 

I. 

ioh  39-  -f-    8C 

3 

2'        5h3ImA.M 

.    Noon 

6h29mP.M 

II 

11     15     +4 

4 

9         5   41 

II1 

l57n 

A.M.  6  13 

21 

11    5i     +    ° 

5 

8       5  50 

II 

53 

5  56 

I 

12    27     —    2 

5 

560 

II 

50 

5  40 

11, 

13      4     —    6 

4 

6       6  10 

II 

47 

5  24 

21, 

13    41     —  10 

2 

8       6  21 

II 

45 

5    9 

3i3 

14    19     —13 

5 

4       6  32 

II 

44 

4  56 
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Mercury. 

Sept.  i, 

II 

46 

+  1  54 

7   O  A.M. 

1  7  p.m.  7  14 

ii, 

12 

38 

—  5  12 

7  37 

1  20     73 

21, 

13 

23 

—  11  15 

8  4 

1  25     6  46 

Oct.   i, 

13 

56 

—  15  24 

8  12 

1  18     6  24 

ii. 

14 

1 

—  15  44 

7  39 

12  44     5  49 

21, 

13 

26 

—  9  45 

6  3 

11  30  a.m.  4  57 

31,  13    14     —    5  51       4  59  10  39  4  19 

Venus. 
Sept.     1,    9    13     +  16  53      3  35  a.m.  10  34  a.m.  5  33  p.m. 


11, 

10 

I 

+  13 

15 

3  57 

10 

43 

5  29 

21, 

10 

49 

+  » 

59 

4  20 

10 

51 

5  22 

Oct. 

1, 

11 

35 

+  4 

18 

4  44 

10 

58 

5  12 

11, 

12 

21 

—  0 

38 

5  5 

11 

4 

5  3 

21, 

13 

7 

—  5 

35 

5  3o 

11 

11 

4  52 

3i, 

13 

53 

—  10 

22 

5  54 
Mars. 

11 

18 

442 

Sept. 

1, 

8 

1 

+  21 

29 

2   5  A.M. 

9 

22  A.M. 

.  4  39 

11, 

8 

28 

-f"  20 

12 

1  58 

9 

IO 

4  22 

21, 

8 

53 

+  18 

42 

1  50 

8 

56 

4  2 

Oct. 

1, 

9 

18 

+  17 

2 

1  42 

8 

41 

3  40 

1 1, 

9 

42 

+  15 

15 

1  33 

8 

26 

3  19 

21, 

10 

5 

+  13 

21 

1  23 

8 

9 

2  55 

3i» 

TO 

27 

+  11 

24 

1  13 

7 

52 

2  31 

Jupiter. 
Sept.     1,    20  47     —  18  52       5   13  p.m.    10     6   p.m.    2  59  A.M. 

Oct.      1,   20  40     —  19   18       3   10  82  12  54 

Nov.     1.    20  45     —  18  56       112  65  10  58    P.M. 

Sa  tur.v. 

Sept.     1,    19  34     —21   51       4   12   p.m.  8  53   p.m.    1   34  A.M. 

Oct.      1,    19  32     —21   57       2   13  6  54  n   35    p.m. 

Nov.     1,    19  36     — 21   49     12   14  4  56  9  38 

Ura  .XL 'S. 

Sept.  1,  17  5  — 22  56   1  48  p.m.  6  25  p.m.  u  2  p.m. 
Oct.   1,  17  7  —  22  59  11  52  a.m.  4  29     96 

Nov.  1,  17  12  —23  5   9  55  2  32     79 
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Neptune.  * 

Sept.     1,     6  15     +  22  18     12  15  a.m.  7  36  a.m.  2  57  P.M. 

Oct.      1,     6  16     +  22  17     10  19  p.m.  5  40  11 

Nov.     1,     6  15     +  22  16       8  16  3  37  10  58  a.m. 

Eclipses  of  Jupite&s  Satellites,  P.  S.  T. 

(Off  right-hand  limb  as  seen  in  an  inverting  telescope.) 

I,  R,  Sept.  1,  2h40BA.M.  Ill,  D,  Oct.  1,  5h  25b,p.m. 

I,  R,  2,  9  9  p.m.     Ill,  R,  i,  8  58 

II,  R,  5,  10  35  I,  R,  2,  11  18 

I,  R,  9.  11  4  I»  R»  4,  5  47 

I,  R,  11,  5  32  II.  R.  7>  !o  22 

II,  R,  13,  1  12  a.m.     Ill,  D,  8,  9  26 

IV,  R,  15,  4  53  p.m.     Ill,  R,  9.  12  59  A.M. 

I,  R,  17,  12  59  A.M.      I,  R,  11,  7  42  P.M. 

I,  R,  18,  7  26  p.m.      I,  R,  18,  9  38 

II,  R,  23,  5  7  I,  R,  20,  4  7 

III,  R,  24,  4  57  II.  R»  25,  4  56 

I,  R,  25,  9  23  I,  R,  25,  11  33 

I,  R,  27,  3  52  I,  R,  27,  6  2 

II,  D,  30,  7  44 


DEFINITIVE  DETERMINATION  OF  THE  ORBIT  OF 
COMET  1898  I. 

[Abstract  of  No.  3  of  the  Astronomische  Abhandlungen.] 


By  Heber  D.  Curtis. 


Comet  1898  I  was  discovered  by  Professor  C.  D.  Perrine 
at  Mt.  Hamilton  on  March  19,  1898.  At  this  date  it  was  about 
equal  to  a  sixth-magnitude  star,  with  a  head  nearly  2'  in  diam- 
eter and  a  broad  fan-shaped  tail  about  a  degree  in  length.  In 
all,  the  comet  was  observed  666  times  at  thirty-four  observ- 
atories. Deducting  for  incomplete  observations,  640  were 
made  in  Right  Ascension  and  639  in  Declination.  The  comet 
had  just  passed  perihelion  (March  17th)  and  was  visible  for 
nine  months,  during  which  time  it  swept  over  a  heliocentric 
arc  of  no°. 

The  comet  presented  no  unusual  phenomena  in  physical 
appearance  or  spectrum,  with  the  exception  of  a  sharp  fan- 


128  Publications  of  the 

shaped 'jet  in  the  head,  which  was  observed  by  Perrine  on 
April  7th,  and  was  still  visible  one  month  later.  There  was 
a  very  well-marked  nucleus,  which  in  good  seeing  was  of  star- 
like  sharpness.  Traces  of  this  nucleus  were  still  seen  at  Mt. 
Hamilton  in  the  middle  of  September. 

Telescopic  comets  of  long  apparition  period  and  consider- 
able range  in  distance  from  the  Sun  and  from  the  Earth  afford 
an  excellent  test  for  the  applicability  of  the  various  laws  which 
have  been  suggested  in  explanation  of  the  decrease  in  the  light 
of  comets  as  they  recede  from  the  Sun.  Estimates  on  such 
objects  can  be  made  in  magnitudes  much  as  stars  are  compared, 
and  with  much  the  same  accuracy.  As  Comet  1898  I  had  a 
range  of  over  ten  magnitudes  (6.5  to  16.7)  during  the  nine 
months  of  its  apparition  period,  in  which  time  its  radius-vector 
varied  in  length  from  1 . 1  to  3 . 5  units,  it  may  be  of  interest  to 
compare  its  loss  of  light  with  the  various  formulae  which  have 
been  suggested.  Eighty-eight  estimates  of  the  brightness  of 
the  comet  as  a  whole  were  made  at  various  observatories  and 
sixty-seven  of  the  starlike  nucleus.  The  loss  of  light  in  the 
nebulosity  as  a  whole  and  in  the  nucleus  seems  to  have  been 
synchronous,  and  to  have  obeyed  the  same  law  within  the  limits 
of    observation,   but     neither     comet     nor    nucleus     follows 

C  C 

the   formulae    J—    2    (Deiciimuller,   A.    A*.,   3123),    J  = 

(Olbkrs,    B.    J.     1 8 19),    nor    the    commonly    accepted    one, 

Q 

J  =  ,  the  difference  on  November  15th  for  the  last  expres- 

sion being  nearly  seven  magnitudes.  The  attempt  was  made  to 
ascertain  whether  the  variation  in  brightness  could  be  expressed 

C 

in  the  form  J  —  1,  ,vv,  •     The  various  formulae  were  applied 

to  this  comet  and  to  several  other  comets  of  long  apparition 
period,  but  no  simple  function  of  the  inverse  of  r  and  A  was 
found  which  would  harmonize  all  the  data.  In  the  last  column 
of  the  following  abridged  table  will  be  found  the  residuals,  in 
magnitudes,  in  the  sense  observation  minus  computation, 
secured  on  the  assumption  that  the  light  varied  in  accordance 

C 

with  the  formula  J  =    7 :   .     This  formula  is  of  course  purely 

empirical  and  rests  upon  no  physical  basis ;  it   is  of  interest 
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simply  in  showing  the  inadequacy  of  the  ordinary  formula 
J  =  p^-2  for  this  comet. 


a.  Comet. 


Place  of 
Observation. 


Mt.  Hamilton 

Utrecht 

Vienna 

Munich 

Munich 

Mt.  Hamilton 

Munich 

Mt.  Hamilton 


Date  1898. 


March  20 


Observ- 

o-c 

ed  Mag. 

C/r2  A2 

6.0    . 

—  0-5 

7. 

-0  4 

I4 

-0.2 

8.5 

-i-3 

10.3 

-2. 1 

10. 

-1.4 

12.0 

-2.9 

12.8 

"3-6 

13.5 

-4.0 

16. 

-6.2 

16.8 

[-6.8 

16.8 

H6.7 

O-C 

C/r7  A2 


-0.5 
+  O.4 

—  o-5 
+  05 

0.0 
— 12 

—  0.6 

—  0.2 
-0.3 

+  1.3 
+  0.4 

+  0.5 


b.  Nucleus. 


Place  of 
Observation. 


Date  i& 


Observ- 
ed Mag. 


O-C 

C/r2  42 


O-C 

C/r7  A2 


Bamberg 

Mt.  Hamilton 

Utrecht 

Utrecht 

Mt.  Hamilton 


March  22.6 

March  30.0 

April    13.5 

May 

June 

June 

July 

July 

Aug. 

Sept, 

Oct. 


«-5 
6.0 

28.9 

10. o 

30.0 

14.9 
18.0 

14.9 


8.9 
8.0 
9.0 
95 

11. 5 

13.3 

14. 

16. 

16.5 
17.? 
16.5 


+  0.9 
0.0 

+  0:7 
+  0.4 

+  1.7 
+  2.9 

+  3-5 
+  5.2 
+  5.4 
+  5.7 
+  5.i 


+  0.9 

—  0.2 
+  0.4 
+  02 

—  0.6 
0.0 

+  o.3 
+  1.3 
+  x.x 
+  0.6 

+  o.3 


The  observations  depend  upon  354  comparison-stars,  whose 
places  were  determined  after  a  comparison  of  all  available 
catalogue  places.  The  parallax  factors  were  recomputed  with 
a  value  of  8". 80  for  the  Sun's  parallax  and  the  reductions  to 
apparent  place  carefully  checked. 

The  probable  errors  and  weights  to  be  assigned  to  each 
observer  were  found  in  part  graphically,  and  from  the  weighted 
residuals  nine  normal  places  were  formed.  The  comet  did  not 
pass  near  any  of  the  planets,  but  the  perturbations  in  rectangu- 
lar coordinates  were  computed  at  intervals  of  sixteen  days 
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during  the  apparition  period  for  all  the  planets  except  Uranus 
and  Neptune. 

The  dates  of  the  normal  places,  the  residuals  and  the  per- 
turbations are  given  in  the  annexed  table : — 


Epoch  of  Osculation  : 

March 

31.0. 

Observations. 

No. 

1898 

Aacosft 

PerLo 

Weight 

A« 

Pert.  6 

Weight 

From 

To 

// 

// 

tt 

it 

I 

March  25.5 

-i.6S 

+  0.002 

132.5 

—  I.20 

—  O.OOI 

I53-0 

March  19 

March  31 

II 

April     14.0 

0.72 

+  O.005 

291.O 

—  2.18 

—  O.OII 

3315 

April      1 

April    30 

III 

May      15.0 

- 1.22 

+  o.O§3 

170.O 

—  1-57 

—  0.141 

220.0 

May       1 

May     31 

IV 

June      16.0 
July       18.5 

-2.34 

+  0.387 

5I.O 

—  I.90 

—  0.259 

83.0 

June       1 
July        1 

June     30 

July    31 

V 

-0.98 

=?» 

27.O 

—  O.79 

—  0.243 

54.o 

VI 

Aug.     20.5 

—  4.l8 

8.0 

+  1.58 

—  0.147 

16.0 

Aug.     12 

Aug.     28 

VII 

Sept.     16.5 

7.26 

—  2.725 

10.0 

—  O.I4 

—  O.IOO 

20.0 

Sept.    10 

Sept.     19 

VIII 

Oct.      15.5 

-9.78 

—  4.042 

4.0 

+  2.?5 

—  0.332 

8.0 

Oct.       8 

Oct.      19 

IX 

Nov.     1 1. 5 

—  6.3O 

—  5-330 

7.0 

+0.81 

—  0.452 

14.0 

Nov.      6 

Nov.     15 

From  these  by  the  usual  methods  and  with  the  application 
of  the  usual  checks  the  following  corrections  to  the  elements 
were  derived : — 

d  T  =  +  o,!.on825    ±  od.ooi679 
d  log  q  =  +  o  .0000524  zt  o  .0000093 
dir'=  +  1'       8". 52   ±  n".o3 
d  Q'=  +0      18  .07    db     3.21 
d  7 '=  —  o        1   .80  ±    o  .  49 
d  e  =  +  o  .0004639  db  o  .0000706 
[w]  =  30". 64  [p  vv\  =  449".  1  [«  n  6]  =  450".  5 

The  sum  of  the  squares  of  the  weighted  residuals  lias  thus 
been  reduced  from  4213"  to  450". 

From  these  are  derived  the  following  definitive  elements  : — 

Equinox  of  1898.0. 

T  =  1898     March  17.13078     Gr.  M.  T. 
w=    470    19'     ir.85 
VI  ■—    262     26      19  .06 
/=     72     31      47  .01 
log?  =  0.03951 12 
e  =  0.9803852 
Period  =  417.2  ±  2.2  years 
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In  inclination  and  longitude  of  the  node  it  somewhat  resem- 
bles Comet  Pons-Brooks,  1884,  but  here  the  resemblance 
ceases.  Comets  1861  I  and  1861  II,  both  well  determined,  have 
approximately  the  same  period,  but  no  other  likeness  except  a 
high  inclination,  that  of  1861  I  being  850  26',  and  1861  II, 
79°  46'. 


NOTICES   FROM   THE   LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


A  List  of  Six  Staks  Whose  Velocities  in  the  Line  of 
Sight  are  Variable.! 
The  following  six  spectroscopic  binaries,  discovered  with 
the  Mills  spectrograph,  are  additional  to  the  thirty-two  binaries 
already  announced : — 

j>  Pcrsa  (a  e=  l*  37ml   *  =  +  5°°  "')- 
The  variable  velocity  of  this  star  was  discovered  from  the 
second  plate.    The  observations  are : — 

Date,  Velocity  Measured  bj 

1898,  September    5  .....   .  —  2km  ,    .    .        .    ,  Reese, 

1900,  December  16  > +24      Reese. 

M  ......  -(-23        ......  CAMI'BELL. 

1901,  October      15  ,  .   ....  — 10     Reese. 

November  11  .   .   .   .  •.   . — 13     .  .  .   .  ,  .Reese, 

This  star  has  bright  hydrogen  lines,  its  bright  Hfl  having 
been  discovered  by  EsFiJi  [Astr.  With.,  Xu.  2963).  The  Jiy 
line  may  perhaps  be  best  described  as  a  comparatively  narrow 
absorption  line  with  very  bright  borders.  The  measures  refer 
to  the  middle  of  ihe  dark  line.  No  other  lines  are  apparent  in 
the  Hy  region. 

1?  Ccminorum  I*  =  6h  00™  ;  S=  +  22°  32'). 
The  observations  of  this  star  thus  far  secured  are  as  follows, 
the  variable  velocity  having  been  discovered  from  the  third 
plate : — 

Date.  Velocity.  Measured  by 

1900,  January       15 +15. &ka*  .....  Reese. 

»■  +14      *,.♦.,  Stebbins. 

January       21 +15.0 Reese. 


•  Lick  Astronomical  Department  of  tlie  University  of  California, 
fFrom  Lick  Observatory  Bulletin  No.  ao. 
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Date. 

igor,  October  13 
November  6 
December    4  . 

1902,  February      2 


Velocity.  Measured  by 

.  4-22.1 Reese. 

.  +20.3 Reese. 

.  4-22.8 Reese. 

.  4-25     Reese. 

.  4-23     Stebbins. 


y  Canis  Minoris  (a=  7*  23111;  8  =  +  90  08' )• 
The  observations  of  this  star  are : — 

Date.  Velocity.  Measured  by 

1900,  October      29 4"44km Reese. 

11  4-44     Stebbins. 

1901,  November   6     4~4i      Reese. 

11  4~4°  Stebbins. 

December  22 4-54 Reese. 

"  4-53  Stebbins. 

December  30 4-50  Reese. 

The  fourth  plate  is  underexposed. 

£  Herculis  (a  =  i6h  38*;  8=  +  310  47'). 

Early  observations  of  the  radial  velocity  of  this  star  were 
obtained  by  Belopolsky  at  Pulkowa,  Campbell  at  Mount 
Hamilton,  and  New  all  at  Cambridge,  as  follows : — 


Date. 

1893,  May 
May 
June 
June 
June 
June 
June 


18 

22 

2 

3 

4 

14 

16 


Mean   . 

1897,  April  29 

1898,  May  11 
May  23 
August        19 

Mean   . 

1897,  June  14 

1898,  May  16 

1899,  April  29 

Mean   . 


Velocity.  Measured  by 

— 68km Belopolsky. 

— 84      Belopolsky. 

— 75     Belopolsky. 


-67 
—66 
— 64 
-69 


Belopolsky. 
Belopolsky. 
Belopolsky. 
Belopolsky. 


—70.4 

— 69.1 Campbell. 

— 70.4 Campbell. 

—70.0 Campbell. 

—70.9  ......  Campbell. 


— 70.1 

— 71.4 Newall. 

—68.4 Newall. 

—74.3 Newall. 


—7i.4 


The  above  observations  afforded  no  evidence  whatever  of 
variable  velocitv. 
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Recent  observations  at  the  Lick  Observatory  are  as  fol- 
lows : — 

Date.  Velocity.  Measured  by 

1901,  July  i — 74km Wright. 

"  — 73.9 Reese. 

August         6 —75-8 Reese. 

1902,  April  13  .    .    .  .  — 74.2 Reese. 

Mean — 74.6 

The  velocity  has  therefore  changed  about  4km  since  1898. 
This  star  is  a  well-known  visual  binary,  period  about  33 
years. 

aEquulei  (a  =  2ih  um;  8  =  +  40  50'). 

The  variable  velocity  of  this  star  was  detected  from  the 
third  of  the  following  observations : — 

(  Date.  Velocity.  Measured  by 

1900,  June  25      — 26km Wright. 

July  18 —22     Wright. 

1901,  June  25 —  2     Wright. 

September   1 — r4 Wright. 

October      15 — 12     Reese. 

1902,  June  2 — 26     Stebbins. 

This  star  has  a  composite  spectrum,  discovered  by  Miss 
Maury,  of  Harvard  College  Observatory. 

o  Andromeda'  (a=  22h  5/m ;  5=  +410  47')  • 

The     following     observations     of     this     star     have     been 
secured : — 

Date.  Velocity.  Measured  by 

1900,  October        9 — uk,n Wright. 

December  17 
17 


1901,  June  25 

August         12 

These  measures  depend  ei 


r5      Campbell. 

17      Wright. 


— 20      Wright. 

— 12 Reese. 


itircly  upon  the  excellent  Hy  line. 

This  star  has  a  composite  spectrum,  discovered  likewise  by 
Miss  Maury. 

Before  the  discovery  of  the  thirty-eight  spectroscopic 
binaries  with  the  Mills  spectrograph,  three  had  been  discovered 
in  the  same  list  of  stars  by  Belopolsky,  making  forty-one 
binaries  in  about  350  stars  observed.  The  proportion  is  there- 
fore one  binary  star  for  every  eight  observed,  not  taking  into 
account  a  considerable  list  of  suspected  cases  awaiting  con- 
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firmation.  The  variable  velocity  of  our  Sun,  due  to  its 
revolving  planets,  has  a  double  amplitude  of  only  a  few  hun- 
dredths of  a  kilometer.  As  the  work  progresses,  and  the  degree 
of  accuracy  attainable  increases,  we  shall  probably  find  that 
there  is  a  regular  gradation  of  double  amplitudes  from  that  of 
the  Sun  up  to  those  of  the  spectroscopic  binaries  already  dis- 
covered, and  it  is  possible  that  the  star  which  is  not  a  spectro- 
scopic binary  will  prove  to  be  the  rare  exception. 

Acknowledgements  are  due  to  Messrs.  Wright  and  Reese 
for  continued  efficient  assistance  in  the  line  of  sight  work. 

July  i,  1902.  W.  W.  Campbell. 

Gift  to  the  Lick  Orservatory. 

Mr.  D.  O.  Mills  has  again  shown  his  interest  in  astronom- 
ical work  by  providing  the  sum  of  one  thousand  dollars  to 
defray  the  expenses  of  reconstructing  the  Mills  spectrograph. 
Dr.  Reese  has  designed  the  new  mounting.  It  will  be 
constructed  as  far  as  possible  of  steel,  and  will  include  improve- 
ments suggested  by  our  six  years'  experience  with  the  Mills 
spectrograph.  w  w  Campbell. 

January,  1902. 

Gift  to  the  Lick  Observatory.  ' 
The  thoughtful  generosity  of  Mrs.  Phcebe  A.  Hearst, 
Regent  of  the  University  of  California,  has  increased  the  avail- 
able resources  of  the  Lick  Observatory  for  the  calendar  year 
1902  to  the  extent  of  twenty-five  hundred  dollars.  This  sum  is 
to  be  devoted  to  equipment  purposes,  and  the  efficiency  of 
several  of  our  departments  will  be  greatly  increased  thereby. 
June  12, 1902.  W.  W.  Campbell. 

Announcement  Concerning  Astronomical  Photographs. 

There  has  been  a  great  demand  in  the  past  two  years  from 
institutions,  investigators  and  teachers  for  copies  of  the  Lick 
Observatory  photographs  of  astronomical  subjects.  The 
unusual  pressure  of  observational  duties  and  the  smallness  of 
the  staff  has  prevented  compliance  with  these  legitimate 
demands. 

This  is  to  announce  that  the  Observatory  is  now  prepared  to 
supply  lantern  slides,  transparencies,  prints,  etc.,  of  any  nega- 
tives in  its  collection,  at  moderate  expense.    It  is  assumed  that 
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such  copies  would  be  used  for  purposes,  of  study  and  investi- 
gation ;  but  the  right  to  publish  any  or  all  copies  without  special 
permission  from  the  Director  of  the  Lick  Observatory  would 
not  attach  to  the  sale. 

The  collection  of  photographs  in  our  possession  is  so 
extensive  that  it  is  not  practicable  to  supply  a  detailed  list.  It 
includes  the  following  subjects :  The  Sun ;  The  Moon ;  Total 
Solar  Eclipses  (of  January,  1889;  December,  1889;  April, 
1893;  January,  1898;  May,  1900;  May,  1901);  Milky  Way; 
Comets ;  Meteors ;  Spectra  of  nebulae,  comets,  new  stars,  bright- 
line  stars,  coronas,  stars  for  radial  velocities,  etc.;  Crossley 
reflector  photographs  of  nebulae,  star  clusters,  asteroids,  etc., 
and  of  the  nebulosity  surrounding  Nova  Persei;  Buildings, 
instruments,  and  views  at  the  Lick  Observatory ;  Miscellaneous. 

Orders  and  inquiries  may  be  addressed  to  the  Director. 

July  1,1902.  W.  W.  Campbell. 

Note  on  the  Spectrum  of  Nova  Persei. 

Spectrograms  of  Nova  Persei  were  secured  at  intervals 
during  the  fall  arid  winter,  up  to  January  7th.  The  spectrum 
remained,  without  appreciable  change,  as  described  by  us  in 
Bulletin  No.  8.  In  that  publication  attention  was  called  to  the 
presence  of  the  fine  dark  H  calcium  absorption-line;  and  the 
opinion  was  ventured  that  perhaps  the  corresponding  K  line 
was  "absent  only  by  reason  of  the  fact  that  there  the  calcium 
vapor  has  nothing  to  absorb."  To  test  this  point,  Mr.  Wright 
made  a  long  exposure,  sufficient  to  record  the  continuous 
spectrum  in  the  H  and  K  region.  The  fine  dark  K  line  is 
present. 

In  this  connection  it  would  be  exceedingly  interesting  to 
know  whether  the  absorption-lines  of  calcium,  sodium,  and 
other  elements  would  be  detected  in  the  spectra  of  well-known 
gaseous  nebulae, — the  exposures  being  long  enough  to  record 
the  continuous  portions  of  their  spectra. 

\V.  W.  Campbell. 

July  1,  1902.  \Y.  II.  Wric.iit. 

D.  O.  Mills  Expedition  to  the  Southern  Hemisphere. 
The  37j4~iuch  Cassegrain  reflecting-telescope  mirror,  to  be 
used  by  the  Mills  Expedition  in  determining  the  radial  veloc- 
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ities  of  the  brighter  stars  south  of  — 300  Declination,  was 
completed  by  the  John  A.  Brashear  Company  -on  June  20th. 
The  Q24-inch  convex  secondary  mirror  has  likewise  been  com- 
pleted. Both  are  en  route  to  Mt.  Hamilton.  The  telescope 
mounting,  designed  in  general  plan  by  the  Director,  and  in 
detail  by  the  builders,  Harron,  Rickard  &  McCone,  of  San 
Francisco,  has  for  several  months  been  set  up  for  trial  in  the 
rear  of  the  Observatory  buildings.  A  three-prism  spectro- 
graph, designed  by  the  Director,  optical  parts  by  Brashear,  and 
mounting  by  our  instrument-maker,  has  been  completed  and 
tested.  A  modern  steel  dome,  30  feet  in  diameter,  has  been 
constructed  by  the  Warner  &  Swasey  Company.  It  is  hoped 
that  the  expedition  may  be  able  to  sail  early  in  August  for 
Valparaiso,  to  occupy  a  station  near  Santiago,  Chile. 

July  1, 1902.  W.  W.  Campbell. 

Note  on  Variable  Stars. 
Harvard  College  Observatory  Circular  No.  65,  under  date 
of  May  6th,  contains  the  announcement  of  an  interesting  new 
variable  star  of  the  Algol  type : — 

14  A  striking  illustration  of  the  value  of  the  library  of  glass  photographs 
collected  at  this  observatory  during  the  past  seventeen  years  has  been 
shown  within  the  last  few  days.  Comet  a  1902  was  discovered  by  Dr.. 
Brooks  on  April  14th,  and  it  was  found  that  a  photograph  had  been 
taken  here  on  April  3d  with  the  8-inch  Draper  telescope,  approximately 
in  the  direction  from  which  the  comet  came.  An  examination  of  this 
plate  was  accordingly  made  by  Mrs.  Fleming,  superposing  it  upon 
another  plate  of  the  same  region  taken  with  the  same  instrument  on 
March  7,  1900.  No  trace  of  the  comet  was  found,  and  in  fact  the  ele- 
ments now  indicate  that  it  was  a  little  beyond  the  region  covered  by  the 
photograph.  One  star,  however,  in  the  constellation  Lacerta,  according 
to  Heis,  but  in  Cygnus  according  to  the  Uranometria  Nova,  appeared 
faint  on  the  early  plate  and  bright  on  that  taken  later.  A  further  exami- 
nation showed  that  this  object  was  the  north-preceding  component  of 
+  43°.4ioi.  Its  position  for  1900  is  R.  A.  =  2ih  55.2™,  Dec.  =  -f-43°52'. 
The  difference  in  Right  Ascension  of  the  two  components  is  about  2-.o  ; 
the  difference  in  Declination,  o'-3.  A  further  examination  showed  that 
the  star  was  generally  bright  and  constant  in  light,  so  that  it  mus#t  be 
a  variable  of  the  A Igol  type.'* 

An  examination  showed  that  this  star  had  been  photo- 
graphed 407  times.  On  388  of  the  plates  the  star  was  of 
maximum  brightness  (8.9),  but  on  the  other  19  plates  the 
magnitude   was   less   than   8.9.     From  a   discussion   of  this 
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material,  Professor  Pickering  concludes  that  the  period  of  the 
variable  is  31  .'4  days,  more  than  three  times  as  long  as  that  of 
any  other  known  star  of  the  Algol  type.  The  star  remains  at 
maximum  brightness  for  28  days,  and  takes  about  three  days 
to  go  through  its  minimum,  decreasing  from  8.9  to  11. 6  mag- 
nitude. 

This  star  was  observed  here  photometrically  with  the 
12-inch  equatorial  on  the  nights  of  June  29th,  30th,  and  July 
1st.  The  actual  minimum  was  not  obtained,  as  it  came  in  the 
daytime,  but  a  curve  through  the  observations  shows  that  the 
minimum  occurred  at  a  time  very  close  to  that  predicted  by 
Professor  Pickering.  The  next  minimum,  July  3id  1911  26™ 
G.  M.  T.,  will  be  more  favorable,  and  it  is  hoped  to  obtain 
observations  of  it. 

I  have  also  under  observation  a  list  of  about  twenty  other 
new  variable  stars,  and  four  variables  of  very  faint  minima 
are  being  followed  with  the  36-inch  refractor. 

S.  D.  Townley. 

Measurement  of  Close  Double  Stars. 

Dr.  Hermann  Struve,  Director  of  the  Konigsberg  Observ- 
atory, has  recently  advanced  a  doctrine  in  reference  to  the 
measurement  of  close  double  stars  which  will  hardly  be  accept- 
able to  double-star  observers,  who  have  the  use  of  telescopes 
of  the  largest  sizes  and  good  atmospheric  conditions.  He 
states  it  as  his  opinion  that,  even  under  the  most  favorable 
circumstances,  when  the  distance  between  the  components  of  a 
double  star  is  less  than  o".4o  approximate  estimations  only  of 
the  position-angle  can  be  obtained,  and  when  the  distance  is 
under  o".50  that  it  has  not  been  demonstrated  that  the  distance 
is  given  more  accurately  by  micrometer  measurement  than  by 
mere  estimation,  and,  further,  he  regards  the  results  of  the 
attempts  which  have  been  made  to  supply  this  demonstration  as 
purely  illusory. 

Every  one  of  experience  will,  I  think,  be  ready  to  admit  that 
when  an  observer  has  become  accustomed  to  a  given  telescope 
and  given  eye-pieces  in  connect  inn  with  it,  lie  may  acquire 
an  accuracy  in  the  estimation  of  small  angular  distances  which 
is  surprisingly  near  the  truth.  IJut  before  he  can  make  such 
estimates   he   must   acquire   a   knowledge   of   the   scale   of   his 
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instrument  and  the  effect  of  the  eye-pieces  employed.  Now 
this  knowledge  can  only  be  obtained  practically  by  measuring 
distances  of  the  same  order  of  magnitude  as  those  to  be  esti- 
mated or  by  relying  upon  such  measures  already  made  by 
an  observer  of  experience.  In  either  case  the  estimates,  to 
be  reliable,  must  be  based  upon  measured  or  measurable  quan- 
tities. 

The  angular  diameter  of  the  central  disk  of  the  image  of  a 
star  of  the  fifth  or  sixth  magnitude  as  formed  by  the  thirty- 
six-inch  refractor  of  the  Lick  Observatory  is  not  much  more 
than  o".io;  the  theoretical  value  is  o".i3.  The  disks  for  fame 
stars  are  somewhat  smaller  than  for  bright  ones.  The  apparent 
thickness  of  the  spider  threads  used  as  micrometer-wires  in  this 
instrument  is  very  approximately  q".io.  When  the  atmos- 
pheric conditions  are  favorable,  giving  good  images  of  the 
stars,  and  when  a  sufficiently  high  power  is  used  the  microm- 
eter-wire even  when  fully  illuminated  may  be  seen  as  a  dark 
line  crossing  and  almost  concealing  the  central  disk  of  the  star 
which  it  bisects.  The  appearance  of  the  wire  as  a  dark  line 
crossing  the  disk  makes  the  bisection  of  the  disk  perfectly 
definite;  it  also  makes  perfectly  definite  the  simultaneous 
bisection  of  two  separated  disks  as  in  the  measurement  of 
position-angle  by  means  of  a  single  wire,  or  of  the  distance  by 
the  use  of  two. 

A  double  star  having  components  equal  or  nearly  equal  in 
brightness  can  be  measured  with  this  instrument  under  such 
atmospheric  conditions  as  often  prevail  at  Mt.  Hamilton, 
Whenever  the  distance  between  the  components  is  greater  than 
the  thickness  of  a  micrometer-wire.  When  the  distance  is 
somewhat  less  than  this,  an  elongation  of  the  image  is  still  very 
apparent  and  an  approximate  determination  of  the  position- 
angle  and  distance  may  be  obtained  by  measurement  and  not 
by  mere  estimation.  When  the  apparent  distance  becomes  as 
small  as  o".os,  the  images  coalesce  and  appear  almost  or 
quite  round,  even  with  the  highest  powers  that  are  used;  viz., 
2400  and  2600.  For  distances  greater  than  o".  15  the  images  of 
the  stars  under  good  atmospheric  conditions  are  clearly  sep- 
arated, and  then  measures  can  be  made  with  certainty.  For  a 
distance  of  a  third  of  a  second  the  images  are  separated  by  a 
space  of  several  times  their  own  diameters,  and  there  is  then 


i4<>  Publications  of  the 

no  excuse  here  for  estimating  such  a  distance  rather  than 
measuring  it.  W.  J.  Hussey. 

Discovery  of  the  Double  Star  Iota  Serpentis, 
With  the  thirty-six-inch  refractor  on  the  night  of  July  17, 
1902,  I  found  this  4.5th-magnitude  star  to  be  a  close  double. 
The  components  are  of  sensibly  the  same  brightness.     My 
measures  of  position  angle  and  distance  are  as  follows: — 

1902.542  7*°-4  o"  20 

•545  72  .3  o  .21 


1902.54  7i°.8  o".2o        2  n. 

The  position  of  *  Serpentis  for  the  epoch  1900.0  is: — 
R.A.  =  i5h  37m  5*. 51. 
Decl.  =  +  190  59'  32". 2. 

Its  proper  motion  is  small. 

I  have  also  found  some  other  new  double  stars  in  this 
vicinity.  The  7 .  5th-magnitude  star  4'  north  and  9m  preceding 
*  Serpentis  is  one  of  these.  Its  distance  is  about  a  third  of  a 
second,  and  the  components  are  of  the  same  magnitude. 

W.  J.  Hussey. 

Changes  in  the  Lick  Observatory  Staff. 

Dr.  Heber  D.  Curtis  has  been  appointed  Assistant  in  the 
Lick  Observatory  for  three  years,  dating  from  the  departure  of 
the  Mills  Expedition  to  Chile,  with  principal  duties  in  spectro- 
scopy. Dr.  Curtis  is  a  graduate  of  Michigan  University,  A. 
B.,  '92,  and  A.  M.,  '93 ;  was  professor  of  mathematics  and 
astronomy  in  the  University  of  the  Pacific,  1897-1900;  was 
an  eclipse  observer  in  Georgia,  1900,  and  Sumatra,  1901  ;  and 
has  this  year  taken  his  Ph.  D.  degree  at  the  University  of  Vir- 
ginia. 

Mr.  C.  A.  G.  Weymouth,  of  the  class  of  1902,  LTniversity 
of  California,  has  been  appointed  Fellow  in  Astronomy  at  the 
Lick  Observatory.  W.  W.  Campbell. 

Honorary  Degree  for  Director  Campbell. 
The    University    of    Wisconsin    conferred    the    honorary 
degree  of  Doctor  of  Laws  upon  Professor  W.  W.  Campbell, 
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Director  of  the  Lick  Observatory,  at  the  last  annual  commence- 
ment, June  19,  1902. 

In  sending  the  diploma,  the  Acting-President,  Dr.  E.  A. 
Birge,  writes:  "I  am  very  glad  that  it  is  possible  for  the 
University  of  Wisconsin  to  recognize  in  this  way  your  dis- 
tinguished work,  both  as  scientist  and  as  the  administrative 
officer  and  head  of  the  great  observatory  which  is  under  your 
charge."  Publication  Committee. 


GENERAL    NOTES. 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  the  work  of  this  department.  Communications  to  this  end  may  be  sent  to  Frank 
Schlksingbr,  International  Latitude  Observatory,  Ukiah,  California. 


The  Force  of  Gravity  at  the  Surface  of  the  Earth. — Among 
the  most  useful  instruments  which  the  astronomer  has  at  his 
disposal  must  be  counted  the  pendulum.  Not  only  does  it 
furnish  him  with  an  accurate  timepiece  in  his  observatory,  but 
it  has  enabled  him  to  learn  much  about  the  shape  of  the  Earth 
and  the  distribution  of  the  material  forming  the  Earth's  crust. 
So  important  are  these  applications  of  the  pendulum  that  many 
expeditions  for  this  purpose  have  been  sent  to  remote  regions, 
chiefly  during  the  last  twenty  years.  At  the  present  time  the 
intensity  of  gravity  has  been  determined  at  about  fifteen  hun- 
dred places,  widely  scattered  over  the  Earth's  surface.  Dr. 
Helmert,  head  of  the  Central  Bureau  of  the  International 
Geodetic  Association  at  Potsdam,  has  recently  issued  a  com- 
plete report  on  pendulum  observations.  This  report  contains 
an  interesting  map  showing  the  distribution  of  the  fifteen  hun- 
dred stations.  By  far  the  greater  number  of  these  are  in 
Europe ;  the  badly  neglected  continents  are  South  America  and 
Australia,  the  former  containing  only  eleven  stations,  and  the 
latter  only  five.  Thanks  to  many  pole-seeking  expeditions,  the 
Arctic  regions  have  been  well  surveyed  as  regards  pendulum 
experiments.  The  most  northerly  station  is  in  latitude  850  55', 
occupied  by  Nansen  in  1895.  On  the  other  hand,  the  Antarctic 
regions  are  totally  vacant,  the  most  southerly  stations  being  in 
latitudes  630  and  560,  respectively.  In  Europe,  in  the  United 
States,  and  in  India  there  are  many  inland  stations,  but  else- 
where the  observations  have  almost  exclusively  been  confined 
to  the  seacoast. 

Within  the  past  few  months  a  method  has  been  developed 
for  the  determination  of  gravity  which,  although  much  less 
accurate  than  pendulum  experiments,  has  a  larger  sphere  of 
usefulness,  in  that  it  may  be  employed  at  sea.  Pendulum 
observations  are,  of  course,  impossible  on  the  ocean,  owing  to 
the  inevitable  rolling  of  vessels.  In  the  new  method  observa- 
tions are  made  with  a  barometer  and  an  hypsometer,  the  latter 
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being  an  instrument  for  the  precise  determination  of  the 
temperature  at  which  water  boils.  As  this  varies  with  the  pres- 
sure to  which  the  water  is  subjected  (being  greater  for  high 
pressures),  we  may  thus  compute  with  considerable  exactness 
the  atmospheric  pressure.  Now,  the  barometer  may  be 
employed  for  the  same  purpose,  but  it  will  give  precise  results 
only  if  corrected  for  the  intensity  of  gravity  acting  upon  the 
mercury.  It  will  therefore  be  seen  that  simultaneous  observa- 
tions with  these  two  instruments,  placed  at  the  same  height 
above  sea-level,  will  enable  us  to  compute  the  intensity  of 
gravity  at  any  place. 

A  series  of  such  experiments  was  made  last  year  by  Dr. 
Hecker  on  the  Atlantic  Ocean.  Six  hypsometers  and  four 
mercurial  barometers  were  employed,  accordant  results  being 
obtained  from  all  these  instruments.  The  result  of  Dr. 
Hecker's  observations  is  to  show  that  the  intensity  of  gravity 
on  the  sea  is  normal;  that  is,  it  is  equal  to  the  intensity  upon 
the  land  in  the  same  latitude.  At  first  sight  this  result  might 
seem  an  improbable  one,  because  of  the  small  density  of  the 
sea  (about  forty  per  cent)  compared  with  that  of  the  land  at 
the  Earth's  surface.  As  the  ocean  is  usually  two  or  three  miles 
deep,  it  will  be  seen  that  there  is  much  less  mass  immediately 
under  a  vessel  than  under  a  point  on  land,  and  consequently 
we  should  expect  gravity  at  sea  to  be  less  than  normal.  But 
it  has  been  known  for  many  years  (or  at  least  been  regarded  as 
probable)  that  the  crust  of  the  Earth  underlying  the  ocean  is 
more  dense  than  elsewhere.  Thus  pendulum  experiments  on 
small  isolated  islands  indicate  greater  gravity  than  normal; 
this  is  really  equivalent  to  the  case  on  the  open  sea,  with  the 
addition  of  the  excess  of  the  mass  of  the  island  over  that  of  the 
water  it  displaces.  Again,  accurate  geodetic  operations  show 
that  the  plumb-line  on  the  shores  of  the  ocean  is  deflected 
toward  the  latter.  Finally,  Arctic  explorers  have  occasionally 
been  able  to  make  pendulum  observations  on  the  solid  ice  cover- 
ing the  deep  sea,  and  these  observations  show  normal  intensities. 
It  is  interesting  to  note  that  the  greater  density  of  the  Earth's 
crust  underlying  the  oceans  was  deduced  almost  wholly  from 
theoretical  considerations  by  Archdeacon  Pratt,  of  Calcutta, 
about  the  middle  of  the  last  century.  The  importance  of  Dr. 
Hecker's  observations  lies  in  the  confirmation  they  afford  of 
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Pratt's  hypothesis,  or,  as  it  is  sometimes  called,  the  isostatic 
hypothesis. 

Variations  of  Latitude. — Three  important  papers  on  this 
subject  have  recently  appeared, — two  by  Dr.  Chandler,  and 
the  third  by  Professor  Kimura,  who  has  charge  of  the  Japanese 
station  of  the  International  Latitude  Service.  Dr.  Chandler's 
first  paper  is  a  "New  Study  of  the  Polar  Motion  for  the  Interval 
1890-1901"  (Astronomical  Journal,  No.  522),  the  former  date 
corresponding  to  the  first  accurate  observational  data  on  the 
subject.  The  discussion  is  notably  unbiased  by  the  author's 
previous  researches,  and  the  results  differ  somewhat  from  those 
formerly  published  by  him.  According  to  the  present  paper 
the  path  of  the  pole  is  the  resultant  of  three  independent  terms : 

(1)  a  circular  motion,  having  a  period  of  fourteen  months; 

(2)  an  annual  motion  in  a  flat  ellipse;  and  (3)  a  motion  in  an 
ellipse  of  slight  eccentricity,  and  having  a  period  of  about 
thirteen  months.  The  second  of  Dr.  Chandler's  papers  to 
which  we  have  referred  above  is  "On  the  Possible  Existence 
of  Still  Another  Term  of  the  Polar  Motion."  This  was  put 
into  a  separate  paper,  in  order,  as  the  author  says,  "to  separate 
what  was  fairly  demonstrated,  as  it  seemed  to  me,  from  what 
was  problematical. "  The  new  term  has  a  period'  of  fifteen 
months  and  is  extremely  minute,  having  a  coefficient  of  o".025. 
It  will  be  seen  that  the  polar  motion,  as  defined  in  these  two 
papers,  is  by  no  means  a  simple  one,  especially  since  some  of  the 
elements  of  the  separate  motions  appear  to  be  subject  to  slow 
changes ;  notably  the  amplitude  of  the  first  term,  that  with  a 
period  of  fourteen  months. 

The  third  paper  adds  to  the  complexity  of  this  already  com- 
plex subject.  Professor  Kimura  shows  that  there  is  a  varia- 
tion, having  a  semi-amplitude  of  only  o".03,  and  an  annual 
period,  which  affects  all  stations  alike,  no  matter  how  much 
they  may  differ  in  longitude, — that  is,  the  effect  is  the  same  as 
though  the  center  of  gravity  of  the  Earth  were  movable  along 
the  axis  of  rotation.  If  the  mass  of  the  Earth  were  all  con- 
centrated at  its  center,  a  movement  of  only  five  feet  would 
account  for  Professor  Kim  lira's  variation.  Whether  this  term 
is  real  is  a  question  which  needs  further  data  to  decide.  The 
evidence  deduced  by  Kimura  in  favor  of  its  existence  is  strong, 
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but  the  effect  is  very  small,  and  the  data  were  of  necessity 
derived  from  observations  made  only  in  the  Northern  Hemi- 
sphere. Furthermore,  as  the  term  has  an  annual  period,  the 
effect  may  be  an  instrumental  one.  It  is  a  fact,  perhaps  not 
without  significance,  that  the  maxima  of  Kimura's  variation 
occur  in  July  and  January,  when  the  Northern  Hemisphere  is 
hottest  and  coldest,  respectively. 

These  three  papers  not  only  indicate  the  still  unsettled 
nature  of  our  knowledge  of  the  subject,  but  they  attest  to  the 
accuracy  of  modern  latitude  observations,  permitting  of  the 
discovery  and  discussion  of  terms  having  coefficients  of  only 
two  or  three  hundredths  of  a  second. 


In  the  death  of  Marie-Alfred  Cornu,  which  occurred  near 
Orleans,  France,  in  April  last,  almost  every  branch  of  physical 
science  has  suffered  a  direct  loss.  Although  in  his  sixty-second 
year,  Cornu  was  unusually  active,  physically  and  mentally, 
and  his  death  was  most  unexpected.  To  astronomers  he  was 
best  known  through  his  determinations  of  the  mean  density  of 
the  Earth  and  of  the  velocity  of  light.  Both  these  determina- 
tions exceeded  in  accuracy  any  work  that  had  preceded  them, 
and  are  still  among  the  standard  ones.  Besides  these,  he  has 
made  many  valuable  contributions  to  astrophysics  and  some 
to  astronomy  of  precision.  One  of  the  latest  of  these  was  his 
design  for  a  "zenith-nadir"  instrument,  to  be  used  in  deter- 
mining the  constant  of  aberration  and  the  variation  of  latitude. 


Th.  Bredikhine,  the  well-known  astronomer  at  Moscow, 
Russia,  has  established  a  biennial  prize  of  about  two  hundred 
dollars  as  a  memorial  to  his  late  wife.  The  prize  is  to  be  "for 
the  encouragement  to  the  continuation  of  the  work  of  Th. 
Bredikhine  on  the  development  of  cometary  forms,  from  a 
purely  mechanical  point  of  view." 


The  Secretary  of  the  Smithsonian  Institution  has  granted 
an  annual  award  of  two  hundred  dollars  for  a  period  of  four 
years  to  the  Astrophysical  Journal  This  is  to  be  used  in  main- 
taining the  high  standard  of  excellence  of  the  Journal,  espe- 
cially as  regards  illustrations. 
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The  Catalogue  of  the  Astronomische  Gesellschaft. — Two 
new  installments  of  this  great  work  have  been  distributed,  those 
for  the  zones  30°-35°  and  35°-40°.  Only  one  more  zone, 
70°-75°,  remains  to  be  published.  The  following  table  gives 
some  of  the  details  concerning  the  various  parts  of  the  cata- 
logue:— 


Zone. 


Date  when 
Published. 


75° 

- 

8c/ 

70 

- 

75 

65 

- 

70 

55 

- 

65 

5o 

- 

55 

40 

- 

50 

35 

- 

40 

3o 

- 

35 

24*- 

3i 

20 

- 

25 

15 

- 

20 

10 

- 

15 

5 

- 

10 

1 

- 

5 

-2 

+  1 

1898 


Observatory. 

Kasan      

Dorpat 

Christiania 1890 

Helsingfors  and  Gotha  1890 

Harvard 1892 

Bonn 1894 

Lund 1902 

Leiden 1902 

Cambridge,  Eng.  .   .   .  1897 

Berlin 1895 

Berlin 1896 

Leipzig 1900 

Leipzig 1899 

Albany 1890 

Nicolajew 1900 


No.  of 
Stars. 

4,281 


3»949 
14,680 

8,627 
18,457 
11,446 
10,239 
14,464 

9,208 
10,161 

9,547 
12,785 

8,241 

5.954 


The  whole  catalogue,  extending  from  South  Declination  20 
to  North  Declination  8o°,  covers  a  little  more  than  half  the 

area  of  the  sky,  and  when  the  Dorpat  zone  is  published  will 
contain  observations  of  the  highest  order  on  more  than  130,000 
separate  stars.  A  southern  continuation  of  the  catalogue  is 
in  progress,  to  be  called  "Part  Two  of  the  Catalogue  of  the 
Astronomische  Gesellschaft/'  As  regards  the  area  between 
8o°  North  Declination  and  the  pole,  it  will  be  remembered 
that  this  is  so  well  covered  by  Carrington's  "Catalogue  of 
3,735  Circumpolar  Stars"  (1857)  that  it  was  deemed  unneces- 
sary to  include  this  part  of  the  sky  in  the  Gesellschaft  pro- 
gramme. 


Astronomischcr  Jahrcsbcricht  for  ipoi. — The  third  volume 
of  this  important  publication  does  not  differ  in  any  material 
respect  from  its  two  predecessors.  It  contains  reviews  of  2,513 
papers  and  books  on  astronomical  and  closely  related  subjects, 
as  against  1,768  and  2,320  for  the  first  and  second  volumes, 
respectively.     The  increase  over  the  second  volume  is  due  to 
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the  appearance  of  Nova  Pcrsei  in  February,  1901,  as  no  less 
than  228  reviews  are  devoted  to  this  subject  alone  in  the 
volume  before  us. 

The  work  of  reviewing  so  much  material  has,  as  heretofore, 
been  done  with  truly  astonishing  completeness.  How  Dr. 
Wislicenus  can  find  time,  in  addition  to  his  other  duties,  to 
read  and  epitomize  an  average  of  five  papers  or  books  a  day  is 
not  easy  to  understand;  and  those  who  have  had  occasion  to 
use  the  work  will  bear  out  the  assertion  that  it  shows  no  signs 
of  having  been  hastily  done.  Almost  all  the  reviews  are  written 
by  Dr.  Wislicenus  himself,  the  assistant  editors  serving  chiefly 
to  review  works  in  the  more  uncommon  languages.  In  this 
wray  it  has  been  possible  to  include  in  the  current  volume 
reviews  of  papers  in  at  least  fourteen  languages.  It  has  been 
urged  more  than  once  against  the  Jahresbericht  that  too  much 
space  is  devoted  to  reviewing  popular  articles.  In  this  criti- 
cism we  cannot  concur ;  the  work  is  thereby  made  more  useful 
to  amateurs,  and  it  must  be  confessed  that  professional  astron- 
omers will  profit  by  it  as  well, — for  it  is  notorious  that  the 
latter,  as  a  rule,  do  not  spend  much  time  upon  technical  papers 
outside  of  their  own  specialties.  If  they  get  a  broad  knowl- 
edge of  their  science  at  all,  it  is  quite  usually  through  the 
medium  of  popular  exposition.  In  this  connection  we  may 
recall  the  frank  statement  of  the  late  Professor  P.  G.  Tait: 
"I  have  abstained  from  reading  the  details  of  any  investigation 
(be  its  author  who  he  may)  which  seemed  to  me  to  be  unneces- 
sarily complex.  Such  a  course  has  inevitably  certain  disad- 
vantages, but  its  manifest  advantages  far  outweigh  them." 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  at  the  llck  observatory,  june  14,  1902, 

AT  9:15  P.M. 

President  Perrine  presided,  and  Dr.  Townley  was  appointed  tem- 
porary Secretary.  A  quorum  was  present.  The  minutes  of  the  last 
meeting  were  approved  as  printed. 

Mr.  John  Patton,  of  Baltimore,  Md.,  was  elected  a  life  member  of 
the  Society. 

A  report  of  the  Committee  on  Membership,  appointed  at  the  last 
annual  meeting,  was  presented  and  read  by  the  Secretary.  Action  on  the 
report  was  deferred. 

A  communication  from  Professor  M.  McNeill,  concerning  the 
printing  of  planetary  notes,  was  read  and  referred  to  the  Publication 
Committee  with  power  to  act. 

A  communication  from  the  chairman  of  the  Publication  Committee 
relating  to  the  printing  of  the  Publications  was  presented  and  read.  After 
discussion,  a  motion  was  adopted  directing  the  President  of  the  Society 
to  secure  amendments  to  the  present  printing  contract  to  insure  greater 
promptness  in  publication. 

The  President  announced  gifts  to  the  Society  from  Mr.  William 
Alvord  and  from  Mr.  Wm.  M.  Pierson. 

Adjourned. 
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F.xecHtrve  Committee — Mr.   Ruthven   W.    Pike. 

OFFICERS  OF  THE  MEXICAN  SECTION. 
time  t-iimitiittee  —  Mr.  Felipe  Vallh. 


NOTICE. 

The  attention  of  new  members  Is  called  to  Article  VIII  of  the  By-Laws,  which  provide* 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only.  Subsequent 
annual  payments  arc  out  on  January  ist  of  each  succeeding  calendar  year,  This  rule  is 
necessary  in  order  to  make  our  bock  keeping  as  simple  as  possible.  Dues  sent  by  mad 
should  be  directed  to  Astronomical  Society  ol  ibe  Pacitl 0,819  Market  Street,  San  Ptai 

]t  is  intended  that  each  member  ot  the  Society  shad  receive  a  copy  of  each  ore  of  the 
PitbhcatiftMs  for  the  year  in  win.  \\  he  was  elected  to  membership  and  fur  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  in  this  matter,  k  is  requested  that 
1  in.  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  Ihe  copies  of  the  PufHittftums  of  the  Society  as  sent  to 
Uicm.  Once  each  year  a  title-page  and  contents  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  who  can  then  hind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
is  sufficient,  on  the  payment  of  two  duller*  per  vulutne  to  either  of  the  Secretaries-  Any 
non-resident  member  wil  bin  the  I'niied  Mates  can  obtain  books  from  the  Society's  library 
by  sending  his  library  card  with  ten  cents  in  stamps  to  1  he  Secretary  A.  5.  P.,  819  Market 
Street ,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication.  dcMU-s  to  say  thut  the  order  in  which  papers  are 
printed  in  the  Puhltctiiwnn  is  decided  simply  by  convenience,  In  a  general  way,  thos-e 
p  'pers  are  printed  first  which  are  earliest  accepted  for  publication.  It  is  not  possible  to 
-.end  proofsheets  of  papers  to  be  primed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses,  The  Secretary  in  San  Francis, 
send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows;  a  block  of  letter  paper,  40  cents;  of  note  paper,  35  cents: 
a  package  of  envelopes,  3$  cents.  These  prices  include  postage,  and  should  be  remitted 
by  money-order  or  in  U.  S,  postage  stamps.    The  sendi  ngs  are  at  t  he  risk  of  rbe  member- 

Those  members  who  propose  to  attend  the  meetings  at  Mount  HaaUtoa  dm 
summer  should  communicate  with  **  The  Secretary  Astronomical  Society  of  the  Pacific*' 
at  the  rooms  of  the  Society,  810  Market  Street,  San  Francisco,  in  order  that  arrangements 
maybe  made  for  transportation,,  lodging,  etc. 
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Krnm  a  negative  made  with  the  Crossley  IleflecUir  of  the  Lick  Observatory 
on  March  29.  1W0L      Exposure  1"  niin. 


in  a  negative  made  with  the  Ctoaaley  Reflector  of  the  Lick  Observatory 
on  November  7  and  8»  nnn,     Exposure  7  h.  it*  ro, 
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PHOTOGRAPHS  OF  THE  NEBULOSITY  SURROUND- 
ING NOVA  PERSEL 


By  C.  D.  Perrine. 


The  accompanying  illustrations  of  the  faint  nebulosity 
around  Nova  Persei  are  direct  photographic  reproductions  of 
negatives  obtained  with  the  Crossley  reflector  of  the  Lick 
Observatory.  These  plates  have  been  enlarged  to  two  and 
one-quarter  diameters,  and  the  contrasts  very  much  strength- 
ened by  successive  copyings  of  the  original  negatives.  The 
scale  of  the  illustrations  is  i**3*  =  17".  They  have  been  selected 
from  the  series  of  eleven  negatives  which  show  this  faint 
nebulosity.  The  principal  movements  and  changes  which  have 
occurred  are  plainly  visible. 

The  top  of  each  plate  is  south. 

The  plate  of  March  29,  1901,  shows  the  principal  ring  of 
nebulosity,  which  was  visible  on  the  photograph  taken  at  that 
time.  It  is  not  quite  continuous  on  the  reproduction,  but  the 
brightest  portions  can  easily  be  seen.  A  bubble  in  the  glass  of 
the  original  negative  causes  a  defect  in  this  ring  on  the  west 
side.  Some  traces  of  the  inner  ring  are  to  be  seen,  involved  in 
the  diffraction  rings  of  the  star.  A  faint,  narrow  arc  of  nebula 
can  be  made  out  in  the  northeast  quadrant  at  a  distance  of  5' 
from  the  Nova. 

The  photograph  of  November  12-13,  I90I>  shows  the  inner 
region  of  nebulosity  much  the  best  of  any  of  the  negatives.  A 
great  amount  of  structure  is  to  be  seen  in  all  parts  of  this 
bright  ring.  The  brightest  condensations  are  to  the  south  and 
southeast.  It  was  the  displacement  of  these  masses  which  led 
to  the  detection  of  the  rapid  motion  in  this  entire  ring  of 
nebulosity.    The  diameter  of  this  bright  ring  is  15'. 
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Outside  of  this  bright  ring  is  another  region  of  about  30' 
diameter,  which  is  filled  with  very  faint  nebulosity  showing 
some  structure.  Two  arcs  of  considerable  length  can  be  traced 
near  the  outer  edge  of  this  region  to  the  south  and  southeast. 

There  are  two  defects  in  this  plate  due  to  scratches  in  the 
glass  of  the  original  negative. 

The  last  illustration  is  from  the  photograph  taken  on  the 
nights  of  January  31  and  February  2,  1902.  The  inner  ring 
has  faded  very  much  in  the  interval,  and  shows  the  bright  mass 
of  nebulosity  nearest  to  the  Ntwa  to  a  better  advantage;  The 
principal  features  of  this  inner  ring  are  still  to  be  traced,  but 
with  less  ease  than  on  the  photograph  of  November.  The 
arrow-shaped  mass,  A,  to  the  southeast  is  conspicuous.  A 
comparison  of  the  plates  will  show  what  great  changes  it  has 
undergone  both  in  position  and  structure  in  the  interval  of 
about  twelve  weeks.  To  the  southwest  and- north*,  near  the 
edges  of  the  plate,  are  to  be  seen  the  wisps  of  nebulosity  which 
have  made  their  appearance  since  the  photographs  of  Novem- 
ber These  masses  are  found  to  be  in  motion,  and  have- been 
increasing  in  brightness,  while  other  portions  of  the  nebula 
bare  been  fading.  *  .  >•  .  **<  \c->*. 

The  phenomena  observed  in  this  nebulosity  are  very  per- 
plexing, and  so  far  no  theory  seems  to  account  satisfactorily 
for  all  the  changes  observed. 

In  March  a  negative  was  secured  of  the  nebula  with  a 
double-image  prism  for  the  purpose  of  detecting  any  polarized 
light.  The  result  is  not  entirely  conclusive,  but  indicates  that 
there  is  little  or  no  polarization  in  the  light  of  the  only  two 
masses  which  were  bright  enough  to  record  themselves  on  the 
negative. 

The  negative  of  March  29,  1901,  was  taken  by  Messrs.  H. 
K.  Palmer  and  C.  G.  Dall.  The  others  were  obtained  by  the 
writer  with  the  assistance  of  Messrs.  H.  K.  Palmer  and  Joel 
Stebbins. 

Mt.  Hamilton,  California,  July  25,  1902. 
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THE   ORBIT    OF    fi  DELPHINI. 


By  R.  G.  Aitken. 


This  investigation  was  undertaken  to  determine  whether 
the  observations  of  a  close  arid  difficult  double  star  are  suf- 
ficiently accurate  to  make  it  worth  while  to  correct  the  elements 
of  its  approximate  orbit  by  differential  methods.  Such  methods 
have  been  applied  in  researches  on  the  orbits  of  some  of  the 
moderately  easy  binary  and  ternary  systems,  as,  for  example, 
in  Seeliger's  classic  memoirs  on  Zeta  Cancri.  But  the  orbits 
of  the  more  difficult  binaries  have  generally  been  based  in  part 
or  wholly  upon  the  graphic  construction  of  the  apparent  ellipse, 
though  the  resulting  elements  have  occasionally  been  improved 
by  the  use  of  Klinkerfues's  very  convenient  method  6t  six 
position-angles.  .  »        «        <•■■•<• 

The  system  of  /3  Delphini  seemed  well  adapted  for  such  an 
investigation.  Though  discovered  by  Burn  ham  as  recently  as 
1873,  it  has  already  completed  a  revolution.  The  maximum 
distance  does  not  reach  o".j,  and  its  minimum  distance,  about 
o".2,  does  not  fall  below  the  resolving  power  of  our  larger 
telescopes.  The  pair  has  been,  accordingly,  well  observed  by 
all  the  leading  double-star  observers  of  the  4ast  quarter  century, 
and  a  number  of  orbits  have  been  computed.  The  two  most 
recent  ones,  by  See  in  1895,  and  Burnham  in  1898,  are  very 
similar  in  all  their  elements  except  the  length  of  the  semiaxis 
major. 

The  first  step  in  the  present  investigation  was  to  compare 
with  these  two  orbits  the  observations  of  the  star  collected  in 
Burnham's  General  Catalogue  of  his  double  stars.  The  com- 
parison was  made  by  drawing  interpolating  curves  for  the 
computed  angles  and  distances  derived  from  either  orbit,  and 
plotting  the  observed  positions  on  the  same  scale;  There 
seemed  but  little  choice  between  the  two  curves  for  position- 
angles,  See's  representing  the  observed  positions  somewhat 
better  at  the  two  extremities,  Burnham's  those  in  the  middle 
portion.  But  Burnham's  distance-curve  represents  the  dis- 
tance-measures of  the  best  observers  far  better  than  does  See's. 

Using  See's  elements  as  a  basis,  I  next  computed  the  fol- 
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lowing   set   of   elements   by    Klinkerfues's   method   of   six 
position-angles : — 

System  I. 

P  =  27.94  years 
T=  1883.230 
e  =  0.363 

*  =  o".475 
12=  179°  10 
i=    61  .75 
k  =  352  .80 

Interpolating  curves  were  constructed  from  these  elements, 
and  the  individual  observations  to  1902  compared  with  them, 
the  measures  having  been  taken  from  original  sources.  In  this 
connection  I  wish  to  express  my  hearty  thanks  to  Professor 
Schiaparelli,  who  kindly  sent  me  the  full  details  of  his  fine 
series  of  measures  of  this  pair. 

Angle-measures  that  gave  residuals  exceeding  io°  as  the 
result  of  this  comparison  were  rejected,  unless  the  distance  at 
the  time  of  observation  was  as  small  as  o".25.  In  this  case  the 
limit  was  set  at  150.  Individual  distance-measures  were  reject- 
ed only  when  they  differed  by  o".2  from  the  computed,  but  an 
observer's  mean  result  for  any  year  was  given  weight  zero  if  it 
differed  by  o".i5  from  the  computed  distances.  The  annual 
means  were  then  formed  by  combining  the  measures  of  the 
various  observers,  assigning  weights  to  each,  depending  in  part 
upon  the  number  of  observations  and  in  part  upon  the  aperture 
of  the  telescope  used. 

When  these  annual  means  were  compared*  with  the  elements 
given  above,  it  appeared  that  the  distances  were  satisfactorily 
represented,  but  the  residuals  in  angle  seemed  to  show  sys- 
tematic deviations.  The  measures  of  each  observer  had  already 
been  examined  for  systematic  errors  of  observation,  but  only 
two  series  of  observations — Schiaparelli's  and  Burnham's — 
were  of  sufficient  extent  to  afford  a  basis  for  deriving  reliable 
corrections  for  such  errors,  and  their  measures  did  not  indicate 
appreciable  errors  of  this  kind. 

A  least-square  solution  therefore  seemed  unwarranted,  and 
it  was  considered  better  to  combine  the  annual  means  to  form 


*  The  details  of  this  comparison  and  of  the  comparison  of  Burnham's  and 
Schiaparelli's  observed  positions  with  those  derived  from  Elements  II  are  Riven 
in  Lick  Observatory  Bulletin  No.   26. 
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six  normal  position-angles  and  again  apply   Klinkerfues's 


method. 

These  normal 

angles,   with   < 

dates  and 

residuals 

>,  are  as 

follows : — 

Date.        Mean  Anomaly •     A  ^  C0"0 ) 

Normal  Angle. 

Weight. 

A0(o-c) 

System  I. 

System  I. 

System  II. 

1876.246            27O0 

—  I°.26 

22°.64 

22 

-i°.58 

I882.066            345 

+  2   .45 

159  45 

11 

+  1  49 

1885.946               35 

—  0  .88 

220  .94 

15 

—  4   37 

1888.662               70 

+  2  .56 

300  .86 

30 

+  1  .18 

18       .318             I3O 

—  0  .60 

34i  .27 

70 

—  0  .47 

1899.526            2IO 

+  1  .40 

364   33 

77 

+  0  .93 

The  elements  r< 

^suiting  from  this  new  solution  are: 

: — 

System 

II. 

P  =  27.66  years 

T=  1883.10 

'  =  0.363 

a  =  o".475 

0=i78°.9O 

t=    60 

.90 

*  =  35i 

•95 

The  value  of  a  was  derived  from  several  normal  values  of 
the  observed  distances  based  upon  measures  by  Burnham, 
BarnarDj  Schiaparelli,  Comstock,  Hussey,  and  Aitken. 

The  last  column  in  the  table  shows  that  these  new  elements 
represent  all  the  normal  places,  except  the  first  and  third,  better 
than  System  I.  These  two  places — and  the  second  as  well — 
have  much  less  weight  than  the  last  three ;  and  it  is  to  be  remem- 
bered that  they  are  based  in  large  part  upon  measures  with 
small  telescopes.  Considering  this  fact  and  the  small  apparent 
separation  of  the  components  of  &  Delphini  in  those  years,  we 
should  expect  larger  errors  in  the  measures  made  before  1887 
than  in  the  later  ones. 

I  therefore  regard  System  II  as  satisfactory,  so  far  as  the 
representation  of  the  data  at  hand  is  concerned,  and  I  think  that 
the  use  of  differential  formulae  and  a  least-square  solution 
will  be  of  little  service  in  improving  these  elements  until  more 
extended  series  of  measures  are  available. 

As  the  apparent  orbital  motion  of  this  pair  will  increase 
rapidly  during  the  next  few  years,  I  append  an  ephemeris, 
giving  the  relative  positions  of  the  two  components  according 
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to  Elements  II  for  every  tenth  degree  of  mean  anomaly  to  the 
date  of  the  next  periastron  passage. 


Ephemeris. 

* 

Date. 

M. 

6 

P 

I903.O7? 

26o° 

i8°.6 

o"48 

I9<>3.84$ 

270 

23  .6 

0  43 

I904.613 

28o 

30  .1 

0  .37 

I905.3& 

290 

38  .Q 

0  .31 

I906.Ii>0 

300 

51  .8 

0  .26 

I906.918 

3IO 

71  .2 

0  .21 

I907.687 

32b 

'97.8 

0  .19 

I908455 

330 

125  .7 

0  .20 

I9O9.223 

340 

H7  .3 

0  .24 

I9O9.992 

350 

162  .8 

0  .28 

I9IO.760 

360 

175  .0 

0  .30 

September  7,  1902. 

PLANETARY  PHENOMENA  FOR  NOVEMBER  AND 
DECEMBER,  1902. 


By  Malcolm  McNeill. 


November. 

Mercury  is  a  morning  star  throughout  the  month,  coming 
to  greatest  west  elongation  on  the  morning  of  November  4th. 
It  will  then  rise  about  an  hour  and  a  half  before  sunrise,  and 
until  about  November  20th  it  will  be  above  the  horizon  at  least 
an  hour  before  the  Sun.  The  present  west  elongation  is  only 
190  (less  by  8°  than  the  east  elongation  of  September),  due  to 
the  fact  that  the  planet  passed  its  perihelion  on  October  24th, 
only  a  week  before  the  time  of  greatest  elongation. 

Venus  has  been  morning  star  since  February  14th,  but  now 
comes  to  superior  conjunction,  and  becomes  an  evening  star 
on  November  28th.  It  is  almost  too  near  the  Sun  to  be  seen 
at  any  time  during  the  month. 

Mars  rises  not  long  after  midnight,  coming  to  the  horizon 
about  one  minute  earlier  each  night.  It  moves  130  eastward 
and  southward  through  Leo  into  /  'irgo.  No  very  bright  stars 
are  near  its  path,  but  toward  the  close  of  the  month  it  is  some- 
what to  the  west  of  /3  Virginis.     It  is  beginning  to  approach 
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the  Earth  quite  rapidly,  and  consequently  is  beginning  to  be 
much  brighter ;  but  it  is  still  faint  as  compared  with  its  appear- 
ance when  it  is  near  opposition. 

Jupiter  is  still,  in  good  position  for  early  evening  observa- 
tion, but  it  sets  shortly  after  nine  o'clock  at  the  close  of  the 
month.  It  is  in  quadrature  with  the  Sun  on  November  1st,  and 
during  the  month  moves  about  40  eastward  and  i°  northward 
in  the  constellation  Capricorn. 

Saturn  is  getting  rather  close  to  the  Sun  for  good  observa- 
tion, although  it  does  not  set  until  about  8  p.  m.  at  the  close  of 
the  month.  It  is  also  in  Capricorn,  about  170  west  of  Jupiter, 
and  moves  more  than  2°  eastward  during  the  month. 

Uranus  is  still  closer  to  the  Sun. than  Saturn  is,  and  in  the 
same  quarter  of  the  heavens.  It  is  entirely  too  low  for  such  a 
faint  object  to  be  seen  in  the  evening  twilight.  It  moves  about 
2°  eastward  in  the  constellation  Ophiuchus. 

Neptune  rises  shortly  after  sunset.  It  is  in  the  western  part 
of  Gemini. 

December. 

The  Sun  reaches  the  winter  solstice  and  winter  begins 
December  22d,  10  a.  m.  Pacific  time. 

Mercury  begins  the  month  as  morning  star,  too  near  the 
Sun  to  be  seen,  passes  superior  conjunction  and  becomes  an 
evening  star  on  December  12th,  but  hardly  reaches  a  sufficient 
distance  from  the  Sun  to  be  visible  to  the  naked  eye  until  after 
the  close  of  the  month.  It  is  in  conjunction  with  Venus  about 
midnight  on  December  21st,  but  both  planets  are  then  too  near 
the  Sun  to  be  visible  to  the  naked  eye. 

Venus  becomes  an  evening  star  on  November  28th,  but  it 
is  rather  slow  about  moving  away  from  the  Sun,  reaching  a 
distance  of  only  about  8°  at  the  end  of  the  month.  As  it  is  also 
on  the  far  side  of  its  orbit  beyond  the  Sun,  it  will  be  much  less 
bright  than  usual,  and  it  will  hardly  be  possible  to  see  it  unless 
under  exceptionally  good  conditions  of  the  atmosphere. 

Mars  will  rise  before  midnight  at  the  close  of  the  month. 
It  moves  eastward  about  130  and  southward  about  50  in  the 
constellation  Virgo,  and  is  beginning  to  slacken  up  its  speed 
among  the  stars.  It  will  begin  to  retrograde  early  in  1903. 
Its  distance  in  millions  of  miles  from  the  Earth  diminishes 
from  145  to  118,  and  consequently  it  gains  nearly  one  half  in 
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brightness  during  the  month.  So  it  has  become  a  fairly  con- 
spicuous object. 

Jupiter  sets  before  8  p.  m.  at  the  close  of  the  month,  and 
is  therefore  getting  rather  low  for  telescopic  observation,  but  it 
is  still  fairly  seen  by  the  naked  eye,  and  is  in  fact  the  most  con- 
spicuous object  in  that  part  of  the  evening  sky.  It  moves  6° 
eastward  during  the  month,  but  still  remains  in  Capricorn. 

Saturn  is  still  lower  than  Jupiter,  and  at  the  close  of  the 
month  sets  less  than  an  hour  and  a  half  after  sunset.  With  its 
low  altitude  in  the  evening  twilight,  it  is  no  longer  a  conspicu- 
ous object,  but  it  is  still  far  enough  away  from  the  Sun  to  be 
identified  without  aid  from  a  telescope.  It  is  also  in  Capricorn, 
and  moves  eastward  more  than  30  during  the  month. 

Uranus  comes  to  conjunction  with  the  Sun  on  December 
14th,  changing  from  an  evening  to  a  morning  star,  but  is  too 
faint  to  be  made  out  even  with  a  telescope  at  such  a  short 
distance  from  the  Sun  as  it  has  at  any  time  during  the  month. 

Neptune  is  in  opposition  with  the  Sun  on  December  24th, 
and  is  above  the  horizon  practically  the  entire  night. 


1902. 
Nov. 


Dec. 


November-December 

1902. 

Phases  of  the  Moon, 

P.  S.  T. 

First  Quarter, 

Nov.     8, 

4h      30m    A.  M. 

Full  Moon, 

Nov.  15, 

9       6 

Last  Quarter, 

Nov.  21, 

II        47       P.M. 

New  Moon, 

Nov.  29, 

6        4 

First  Quarter, 

Dec.     7, 

10      26 

Full  Moon, 

Dec.    14, 

7      47 

Last  Quarter, 

Dec.    21, 

Noon. 

New  Moon, 

Dec.    29, 

1       25      P.  M. 

The  Sun. 

R.  A.        Declina 

tion. 

Rises. 

Transits.                   Sets. 

I, 

I4h    23m    —  I4C 

13' 

6h33mA.iv 

[.  nh44wA.M.  4h55mp.M 

II 

15         3—17 

15 

6  44 

1 1   44            4  44 

21 

15    44     —19 

47 

6  56 

1 1   46            4  36 

I, 

l6      26       21 

43 

7     7 

11   49            4  31 

11 

17       IO       22 

57 

7   16 

11   53            4  3o 

21 

17    54     —23 

27 

7  24 

11   58            4  32 

31 

18    39     —23 

9 

7  27 

12     3    p.m.  4  39 
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Mercury. 

Nov. 

i, 

13 

17     - 

-   5  57 

4  57 

A.M. 

IO  37    A.M.  4  17   P.M. 

ii, 

13 

59    - 

-10    0 

5  14 

IO  40               46 

21, 

14 

57    - 

-15  44 

5  54 

10  59            4    4 

Dec. 

i, 

16 

1     - 

-20  41 

6  37 

II    23               49 

ii, 

17 

7    - 

-24     1 

7  18 

1 1    50               4  22 

21, 

18 

17    - 

-25  17 

7  53 

12    20  P.M.    4  47 

3i. 

19 

27    - 

-24  07 

8  20 
Venus. 

12  52            5  24 

Nov. 

1, 

13 

58     - 

-  10  49 

5  56 

A.M. 

II    19  A.M.  4  42    P.M. 

11, 

14 

47     - 

-15     9 

6  20 

I I    28               4  36 

21, 

15 

37     - 

-18  50 

6  46 

11  39           4  32         ! 

Dec. 

1, 

16 

29    - 

-21  39 

7     8 

"  5i           4  34 

11, 

17 

23    - 

-23  25 

7  3i 

12     6  P.M.  4  41 

21, 

18 

18     - 

-24     1 

7  49 

12  21           4  53 

3i, 

19 

13     - 

-23  22 

8     2 
Mars. 

12  37           5  12 

Nov. 

1, 

10 

29    - 

-  11   12 

1   11 

A.M. 

7    50  A.M.  2  29   P.M. 

11, 

10 

5i     " 

-    9  13 

1     0 

7  32           24 

21, 

11 

11     - 

-    7  15 

12  48 

7  13            1  38 

Dec. 

1, 

11 

30    - 

-    5  20 

12  35 

6  53            1  11 

11, 

11 

49     - 

-    3  3i 

12  20 

6  32          12  44 

21, 

12 

6     - 

-    1  48 

12     4 

6  10          12  16 

3i, 

12 

22     - 

-   0  16 

11  45 

P.M. 

5  46          11  47  A.M. 

Jupiter. 

Nov. 

1, 

20 

45     - 

-18  56 

1   12 

P.M. 

6  05P.M.10  58  P.M. 

Dec. 

1, 

21 

1     — 

-l7  5i 

11  26 

A.M. 

4  23           9  20 

Jan. 

1, 

21 

25     - 

-16     5 

9  40 

2  44           7  48 

Sa  turn. 

Nov. 

1, 

19 

36     - 

-21  49 

12  14 

P.M. 

4   56P.M.  9  38    P.M. 

Dec. 

1, 

19 

46     - 

-21  17 

10  24 

A.M. 

38      752 

Jan. 

1, 

20 

0     - 

-  20  52 

8  35 

I  20        65 

Uranus. 

Nov. 

it 

17 

12     - 

-23     5 

9  55 

A.M. 

2    32  P.M.  7     9     P.M. 

Dec. 

1, 

17 

19     - 

-23  13 

8     6 

12   42             5  18 

Jan. 

1, 

17 

28     - 

-23  21 

6  12 

IO  47  A.M.  3  22 

Nov.  1,  6 
Dec.  1,  6 
Jan.   1,  6 


Neptune. 
15  -f  22  16   8  16  P.M. 


13 
9 


+  22  16 
+  22  17 


16 
6 


3  37A.M.  IO  58  A.M. 

1  37     8  58 
11  27  P.M.  6  48 
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Eclipses  of  Jupiters  Satellites,  P.  S.  T. 

(Off  right-hand  limb  as  seen  in  an  inverting  telescope.) 


II,  D, 

Nov.  i,  7h33mp.M. 

II,  R, 

Dec.  3, 

7*  26~P.M. 

I,  R. 

3.  7  57 

I,  R, 

5, 

4  36 

IV,  D, 

4.  6  44 

I.  R. 

12, 

6  3? 

IV,  R, 

4.  ii  28 

HI.  D, 

x9> 

1  4i 

III.  R, 

6.  5  5 

III.  R, 

19, 

5  13 

II,  R, 

8,  IO  12 

I.  R, 

19. 

8  26 

I,  R, 

io,  9  53 

H,  R. 

21, 

2  2 

I,  R, 

12,  4  21 

I.  R, 

21, 

2  55 

III,  P, 

13.  5  34 

HI.  0, 

26, 

5  42 

III.  R, 

13.  9  6 

HI,  R, 

26, 

9  H 

I.  R, 

19,  6  17 

II.  R. 

28, 

4  4i 

III.  D, 

20,  9  35 

I,  R, 

28, 

4  50 

IV,  R, 

21,  5  40 

II,  R, 

26,  4  48 

I,  R, 

28,  2  41 

THE  SEARCH  FOR  AN  INTRA-MERCURIAL  PLANET 

AT   THE   TOTAL   SOLAR   ECLIPSE 

OF    1901,    MAY    18. 


By  C.  D.  Perrine. 


The  considerable  motion  of  the  line  of  apsides  of  Mercury's 
orbit,  found  by  Leverrier  and  others,  cannot  be  explained  by 
the  attraction  of  the  known  bodies  in  the  system,  but  would  be 
fully  accounted  for  by  a  planet  or  ring  of  planets  between 
Mercury  and  the  Sun. 

The  question  is  one  which  has  attracted  more  or  less  atten- 
tion from  astronomers  for  over  a  century,  and  announcements 
have  been  made  at  various  times  of  the  supposed  discoveries  of 
such  bodies.  Xone  of  these  announcements  have  ever  been 
verified,  however. 

The  solution  of  the  problem  is  of  peculiar  difficulty.  The 
necessary  observations  are  possible  only  during  the  few-  minutes 
of  a  total  eclipse,  when  the  Sun's  disk  is  entirely  hidden.  At 
any  other  time  it  would  be  impossible  to  detect  an  object  very 
much  fainter  than  Mercury. 

The  early  searches  at  total  eclipses  were  all  made  visually, 
and  it  was  necessary  to  memorize  the  position  and  brightness  of 
all  the  brighter  stars  in  the  region  to  be  examined.    The  liability 
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to  mistake  in  the  identification  of  stars  was  thus  very  great. 
Several  of  the  supposed  discoveries  are  probably  due  to  this 
cause. 

Searches  by  visual  methods  at  a  number  rof  eclipses  ren- 
dered it  almost  certain  that  there  were  na  such  bodies  as  bright 
as  the  third,  and  possibly  the  fourth,  magnitude.  But  as  to 
fainter  objects  there  was  no  evidence  whatever.  < 

Since  the  introduction  of  the  rapid  dry-plate  into  astro- 
nomical work,  it  has  become  possible  to  attempt  an  adequate 
search  for  such  bodies. 

The  first  attempt,  to  my  knowledge,  to  solve  this  problem 
with  cameras  of  considerable  focal  length  was  during  the 
eclipse  of  May  28,  1900.  No  definite  results  seem  to  have  been 
obtained  at  that  eclipse,  however. 

The  great  duration  of  totality  (6>4  minutes)  in  1901  was 
very  favorable  for  an  intra-Mercurial  planet  search.  The  obser- 
vations made  in  Sumatra  for  this  purpose  were  described  in  the 
account  of  the  Crocker  Expedition  rf rom  the  Lick  Observatory, 
published  in  No.  81  of  the  Publications.  .A  reexamination  of 
these  plates  has  just  been  completed  under  more  favorable 
conditions  and  has  resulted  in  finding  many  fainter  stars  and 
some  star-images  on  all  of  the  plates. 

Following  is  a  summary  of  the  results  of  the  examination : — 


No. 

Star  Images. 

of 
Plates. 

Original 
Search. 

Added  by 
Re-exam- 
ination. 

Total 
Number. 

Remarks. 

&f 

A,    ) 
C    \ 

il\ 

29 

37 

26 

0 

0 

0 

21 

14 

9 

26 

3 
5 

50 
51 
35 
26 

3 
5 

Faintest  stars  =  one  each  of  9.1,  9.2,  and  9.3 
visual  magnitude. 

Faintest  stars  =  two  each  of  8.6  and  9  0  visual 
magnitude. 

Faintest  stars  =  one  each  of  8.7  and  8.8  visual 
magnitude. 

Faintest  stars  =  three  of  8.3,  one  each  of  8.6 
and  8.7  visual  magnitude. 

One  star  each  of  6.0,  6.2,  and  6.5  visual  magni- 
tude. Mercury  and  Venus  are  bright  objects 
on  the  plates. 

One  star  each  of  4.0,  5.2,  and  6  5  visual  magni- 
tude and  two  of  6.0  visual  magnitude. 

Total . 

92 

78 

170 
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,:  Four  qut  of  the  six  regions  covered  by  the  photographs 
show  stars  from  8.7  to  9.3  visual  magnitude.  These  were  the 
first  two  sets  of  exposures.  The  clouds  became  thicker  toward 
the  end  of  totality,  so  that  the  set  of  exposures  made  then  fails 
to  show- as  faint  stars.  They,  however,  contain  stars  from  6.0 
to  6.5  magnitude.  Only  two  stars  in  the  entire  region,  which 
were  brighter  than  6.0  visual  magnitude,  failed  to  record  them- 
selves on  all  of  the  plates.  One  of  these  was  5.0,  the  other 
5.1  visual  magnitude.  According  to  the  Draper  Catalogue,  the 
photographic  magnitudes  of  these  stars  are  5.2  and  6.1,  the 
former  being  a  red  star. 

As  the  faintest  stars  recorded  on  the  negatives  are  those 
which,  in  general,  are  more  strongly  actinic  than  a  planetary 
body,  it  is  necessary  to  make  some  allowance  for  this  difference 
in  deducing  the  limiting  (visual)  magnitude  of  the  search.  It 
seems  probable  that  this  difference  would  usually  not  exceed 
one  magnitude.  Hence  if  all  the  stars  of  6.0  visual  magnitude 
were  recorded  on  the  plates,  a  planet  of  5.0  magnitude  should 
be  visible.  The  same  criterion  would  indicate  that  in  two  thirds 
of  the  region  searched,  where  stars  of  8.7  to  9.3  magnitude  were 
photographed,  a  planet  as  bright  as  7J4  or  8.0  magnitude  should 
have  been  recorded. 

There  is  therefore  little  probability  that  any  planet  as  bright 
as  5.0  magnitude  exists  in  the  region  searched.  While  the 
clouds  prevented  the  search  from  being  definite  to  a  much 
fainter  magnitude,  it  is  hardly  possible  that  a  ring  of  planets 
as  bright  as  8th  magnitude  can  exist  without  some  of  them 
having  been  found. 

From  observations  of  the  brightness  of  the  four  principal 
asteroids  made  at  Harvard  College  Observatory  and  the  meas- 
ures of  their  diameters  made  by  Barnard  at  the  Lick  Observa- 
tory, it  is  found  that  such  a  body  300  miles  in  diameter  appears 
on  the  average  as  a  star  of  the  8.0  magnitude  when  seen  from 
the  Earth  at  opposition.  If  such  a  body  were  removed  to  the 
greatest  probable  distance  from  the  Sun  of  an  intra-Mercurial 
planet,  it  would  appear  to  an  observer  on  the  Earth  more  than 
no  times  as  bright,  a  difference  of  over  live  magnitudes. 
Hence  we  find  that  an  intra-Mercurial  planet  to  be  of  5.0  magni- 
tude would  have  to  be  only  75  miles  in  diameter,  and  one  of  8.0 
magnitude  but  30  miles  in  diameter. 
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The  perturbations  in  the  motion  of  Mercury  would  require* 
a  mass  of  matter  about  half  as  great  as  that  of  j 
It  would  therefore  take  one  million  intra-Merl 
miles  in  diameter,  and  as  dense  as  Mercury,  to 
observed  disturbances. 

The  observations  made  at  this  eclipse,  although  very  much 
interfered  with  by  the  clouds,  indicate  that  there  are  probably 
no  bodies  of  appreciable  size  in  the  region  close  about  the 
Sun,  and  that  the  cause  of  the  disturbance  in  the  motion  of 
Mercury  must  be  sought  elsewhere. 

The  suggestion  has  also  been  made  that  these  perturbations 
might  be  caused  by  a  ring  of  bodies  between  Mercury  and 
Venus.  If  this  were  true,  it  would  seem  that  some  effect  should 
be  observed  in  the  motion  of  Venus. 

Perhaps  the  finely  divided  matter  composing  the  Zodiacal 
Light  may  be  sufficient  to  cause  these  perturbations. 

Mt.  Hamilton,  California,  August  27,  1902. 


NOTICES   FROM  THE   LICK   OBSERVATORY 


Prepared  by  Members  of  the  Staff, 


The  Observatory  Instrument-Making  Shops, 

A  generation  ago  the  astronomer  ordered  his  telescope  and 
expected  It  to  meet  all  his  requirements,  This  is  no  longer 
sufficient.  The  wonderful  developments  of  our  science  call  for 
special  instruments  to  do  special  work,  and  the  so-called  uni- 
versal instrument  is  out  of  date.  The  successful  instrument 
rmist  have  the  maximum  efficiency  in  the  problem  to  be  solved. 
This  is  especially  true  in  investigations  along  astrophysical 
lines.  Every  observatory  of  our  class  requires  an  instrument- 
making  shop  near  at  hand  This  need  is  very  pressing  here, 
on  account  of  our  unusual  isolation. 

The  shops  at  the  Lick  Observatory  were  entirely  inadequate 
for  their  purpose.  Up  to  one  year  ago,  the  equipment  consisted 
of  two  small  antiquated  foot -power  lathes,  an  antiquated  hand- 
drill,  files,  etc,  and  the  carpenter's  hand-tools.  The  quantity 
of  construction  possible  by  their  means  was  small,  many  vital 
parts  of  the  instruments  could  not  be  made  at  all,  vexatious 
delays  in  construction  elsewhere  were  frequent,  and  our  plans 
were  rapidly  falling  in  arrears  to  such  an  extent  that  the 
efficiency  of  the  Observatory  suffered  severely.  I  therefore 
decided  to  devote  the  first  available  funds  to  the  improvement 
of  the  machine-shops. 

The  carpenter-shop,  paint-shop,  and  forge  occupied  adjoin- 
ing rooms  in  a  small  brick  building  near  the  great  dome, 
constructed  by  the  Lick  Trust.  The  paint-shop  was  removed 
to  a  distant  isolated  building,  both  to  diminish  risks  from  fire 
and  to  increase  the  space  in  the  carpenter-shop.  The  inside 
walls  of  the  forge-room  were  likewise  removed.  The  resulting 
carpenter-shop  is  20  X  26  feet  inside.  An  addition  to  this  shop 
was  built  by  the  Observatory  workmen  in  189 1  (inside  dimen- 
sions, 25x33  feet)  from  brick  left  in  the  orignal  Lick  Trust 


*  Licit  Astronomical  Department  of  the  University  of  California. 
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kilns.  This  room  had  been  used  for  storage,  for  the  metal* 
working  shop,  and  for  a  steam  boiler  and  engine  employed  in 
charging  storage-batteries  and  in  sawing  the  observatory  wood. 
The  engine  and  wood-saw  were  removed  to  a  small  brick 
building  in  1901,  to  the  east  of  the  barn,  and  storage  space  has 
been  found  elsewhere.  The  rearranged  room  admirably  meets 
the  requirements  of  a  complete  instrument-making  shop  on 
the  small  scale  desired.  A  Foos  four-horse-power  gasoline 
engine  was  installed  in  the  shop  in  place  of  the  steam  engine. 
It  drives  the  metal-  and  wood-working  machines  described 
below.  It  has  the  usual  advantages  of  such  an  engine;:  it  is 
always  ready  to  start  without  waiting  for  steam  to  rise;  the 
expense  of  fuel  is  small;  it  does  not  need  the  attention  of  a 
fireman ;  and  it  does  not  heat  the  work-room  unduly. 

A  Brown  &  Sharpe  universal  milling  machine,  a  Brown  & 
Sharpe  tool-grinding  machine,  a  modern  wood-turning  lathe, 
a  wood  rip-saw,  and  an  emery  grinder  were  purchased  in 
1901.  The  old  foot-lathes  were  modified  to  adapt  them  to 
power,  and  it  is  planned  to  convert  one  of  them  into  a  grinding 
machine.  The  necessary  shafting,  pulleys,  belting,  attachments, 
and  small  tools  were  likewise  provided.  The  gasoline  engine 
ilso  drives  the  dynamo. 

The  thoughtful  generosity  of  Mrs.  Hearst  has  enabled  me 
to  arrange  for  the  completion  of  the  shops  without  the  delay 
that  I  feared  must  occur,  by  purchasing  a  modern  lathe  of 
fourteen-inch  swing  and  eight-foot  bed,  with  all  necessary 
attachments ;  a  power  drill ;  a  power  saw  for  cutting  metal ;  a 
cross-cut  saw  for  wood ;  a  wood-shaper ;  a  small  tempering  and  ' 
reducing  furnace ;  and  many  minor  tools. 

It  is  planned  to  have  all  heavy  work  done  elsewhere.  For 
this  reason,  metal-shapers  and  other  similar  tools  have  been 
omitted  from  the  equipment. 

The  press  of  work  resulting  from  the  remounting  of  the 
Crossley  reflector,  from  the  reconstruction  of  the  Mills  spectro- 
graph, for  which  Mr.  Mills  has  provided  funds,  and  from  the 
construction  of  a  modern  one-prism  spectrograph  from  the 
Draper  Fund  of  the  National  Academy  of  Sciences,  has  made 
it  necessary  to  employ  temporarily  a  second  instrument-maker, 
with  salary  paid  from  the  two  funds  mentioned. 

W.  W.  Campbell. 
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A  New  Rapid  Binary  Star. 

Recent  measures  of  the  double  star  A.  88=  LI.  34524,  which 
was  discovered  with  the  36-inch  telescope  on  June  2,  1900,  have 
confirmed  the  fact  suggested  by  the  earlier  measures  that  this 
pair  is  in  rapid  orbital  motion.  The  mean  results  of  measures 
for  the  three  years  are : — 
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The  star's  position  for  1900.0  is : — 

R.A.  i8h  33m  9»;  Decl.  —  30  1/ 
September  9,  1902.  R-  G-  AlTKEN. 

The  Discovery  of  83  Aquarij  as  a  Double  Star. 

In  the  course  of  my  search  for  new  double  stars  I  examined 
the  star  83  Aquarii  with  the  12-inch  telescope  on  the  night  of 
July  29,  1902,  and  noted  that  it  was  apparently  elongated.  On 
August  16th  an  examination  with  the  36-inch  telescope  con* 
firmed  the  fact  of  its  duplicity.  Measures  have  been  obtained 
as  follows : — 
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The  two  components  are  sensibly  equal  in  brightness, 
each  being  estimated  as  of  the  sixth  magnitude. 

It  is  already  evident  that  this  pair  of  stars  forms  a  physical 
system,  for  according  to  Auwers  it  has  an  annual  proper  motion 
of  o".023  in  i7°.5.  If  this  were  not  common  to  both  components, 
the  pair  would  have  been  an  easy  one  in  Struve's  time,  and 
would  have  been  listed  by  him  when  he  catalogued  83  and  84 
Aquarii  as  the  wide  pair  2  591. 

The  position  of  the  star  for  1900.0  is — 

R.A.  22h  59m  57s;  Decl.  —  8°  14' 

September  9,  1902.  R-  G.   AlTKEN. 
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Comet  b  1902  (Perrine). 

This  comet  was  discovered  in  the  morning  of  September 
1st  (civil  time),  in  the  constellation  Perseus.  The  position  of 
the  comet  at  the  time  of  discovery  was — 

R.A.  3h  I7m  49s;  Decl.  +  340  38'  47" 

It  was  of  about  the  9th  magnitude,  with  a,  nucleus  of  the 
1054  or  1  ith  magnitude.  The  head  of  the  comet  was  4'  or  5'  in 
diameter,  and  a  very  short  tail  extended  toward  the  southwest. 

Observations  were  secured  on  the  morning  of  discovery  and 
the  two  subsequent  mornings,  from  which  I  have  computed  the 
following  parabolic  elements : — 

T  =  1902,  November  23.4720  G.  M.  T. 
w=i53°25/46"'\ 
0=    49    56    10    >  1902.0 
i=  l5*>    54    22  ) 
log  q  =  9.60424 

Residuals,  Obs. —  Comp. 
AA'cosjS'  +  4" 

A/3'  -3 

An  ephemeris  from  these  elements  shows  that  the  comet 
will  be  well  placed  in  the  northern  sky  during  September  and 
October,  and  that  it  will  increase  very  much  in  brightness. 

1902,  September  4.  C  D'  PURINE. 

Discovery  of  Two  Variable  Stars  in   the  Nebula 
N.  G.  C.  7023. 

This  is  one  of  the  nebulae  on  Professor  Keeler's  programme 
of  work  for  the  Crossley  reflector.  A  comparison  of  two  nega- 
tives, taken  on  November  7,  1901,  and  August  2j,  1902,  led  to 
the  discovery  of  two  faint  variable  stars  within  the  nebulosity. 
Their  positions   from  the  central  star  in   the  nebula  are  as 

follows : — 

P  * 

A               6°.2  I07".i 

B            138  .6  87  .4 

Another  photograph  was  taken  on  September  1st,  and  as 
a  slight  but  certain  change  is  noticeable  in  the  interval  of  five 
days,  the  periods  are  probably  comparatively  short. 
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The  following  magnitudes  have  been  assigned  to  the 
variables : —  A  B 

1901,  November   7        14J4         i6# 

1902,  August      27        i6j4         ISM 
September  1         i6j4        I5J4 

So  far  as  I  am  aware,  no  variable  stars  have  heretofore  been 
found  in  the  nebulae. 

N.  G.  C  7023  is  an  especially  interesting  nebula  from  its 
suggestive  location  in  a  region  comparatively  devoid  of  stars. 
The  nebula  is  about  15'  across,  and  consists  of  irregular  stream- 
ers and  masses  of  nebulosity  folded  about  a  7th-magnitude  star. 

Mr.  Joel  Stebbins  and  Mr.  R.  H.  Curtiss,  Fellows  in 
Astronomy  at  the  Lick  Observatory,  gave  efficient  assistance  in 
the  taking  of  the  photographs.  C.  D.  Perrine. 

Mt.  Hamilton,  California,  1902,  September  5. 

Astronomical  Telegrams. 

(Translations.) 

Lick  Observatory,  Mt.  Hamilton,  Cal., 

Sept.  1,  1902. 
To  Harvard  College  Observatory:         (Sent  11 150  a.  m.) 

A  comet  was  discovered  by  Perrine  on  Sept.  1.0103  G.  M. 
T. ;  in  R.  A.  3h  17111  49*4 ;  Decl.  +  340  38'  47".  Its  daily  motion 
is  —  10'  in  R.  A.  and  -f-  25'  in  Decl.  Its  physical  appearance  is 
as  follows :  Slightly  elongated,  4'  in  diameter,  9th  magnitude, 
with  tolerably  well-defined  nucleus,  and  tail  less  than  30'. 

(Signed)         W.  W.  Campbell. 

Lick  Observatory,  Mt.  Hamilton,  Cal., 

Sept.  2,  1902. 
To  Harvard  College  Observatory:  (Sent  10  a.  m.) 

Comet  Perrine  was  observed  by  Perrine  on  Sept.  1.9433  G. 
M.  T. ;  in  R.  A.  3h  I7m  38.o ;  Decl.  +  350  o'  34". 

(Signed)         W.  W.  Campbell. 

Lick  Observatory,  Mt.  Hamilton,  Cal., 
To  Harvard  College  Observatory :  Sept,  3,  1902. 

To  Students'  Observatory,  Berkeley,  Cal.:         (Sent  10  a.  m.) 
Comet  Perrine  was  observed  by  Perrine  on  Sept.  2.8889  G. 
M.  T. ;  in  R.  A.  3h  i6m  98.6 ;  Decl.  +  350  23'  35". 

(Signed)         W.  W.  Campbell. 
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Lick  Observatory,  Mt.  Hamilton,  Cal., 

Sept.  3,  1902. 
To  Harvard  College  Observatory:  (Sent  9:00  p.  m.) 

Elements  and  ephemeris  of  Comet  b  were  computed  by 
Perrine  as  follows : — 

T=  1902,  November  24.47  G.  M.  T. 
01=153°  26' ) 
°=    49    56   f  1902.0 
1=156    54  ) 
Natural  q  =  0.4020 

The  brightness  of  the  comet  on  Sept.  5  will  be  1.5,  on  Sept. 

l8'  4-5-  (Signed)        W.  W.  Campbell. 

[The  ephemeris  at  4-day  intervals  from  Sept.  6  to  Sept.  18 
is  here  omitted.] 


GENERAL    NOTES 


Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  the  work  of  this  department.  Communications  to  this  end  may  be  sent  to  Frank 
Schlbsingkr,  International  Latitude  Observatory,  Ukiab,  California. 


Early  Knowledge  of  the  Distances  of  the  Stars. — The  im- 
pression is  quite  general,  but  nevertheless  erroneous,  that 
astronomy  had  to  wait  until  the  nineteenth  century  for  proper 
conceptions  concerning  the  immensity  of  stellar  distances.  It 
is  true  that  not  until  then  were  instruments  perfect  enough  to 
enable  actual  measures  of  parallax  to  be  made ;  but  as  early  as 
the  beginning  of  the  eighteenth  century  the  order  of  stellar 
distances  was  correctly  inferred  from  methods  not  unlike  and 
not  inferior  to  those  sometimes  used  at  the  present  time  for 
the  same  purpose. 

In  his  recent  book  on  "  The  Stars/'  Newcomb  has  the 
following  paragraph  (page  142) : — 

"Considerations  drawn  from  photometry  were  also  lost  sight  of, 
because  that  art  was  still  undeveloped.  Kepler  saw  that  the  Sun  might 
well  be  of  the  nature  of  a  star ;  in  fact,  that  the  stars  were  probably  suns. 
Had  he  and  his  contemporaries  known  that  the  light  of  the  Sun  was  more 
than  ten  thousand  million  times  that  of  a  bright  star,  they  would  have 
seen  that  if  placed  at  one  hundred  thousand  times  its  present  distance 
the  Sun  would  still  shine  as  a  bright  star.  If,  then,  the  stars  are  as  bright 
as  the  Sun,  they  must  be  one  hundred  thousand  times  as  far  away,  and 
their  annual  parallax  would  then  have  been  too  small  for  detection  with 
the  instruments  of  the  time.  Such  considerations  as  this  would  have 
removed  the  whole  difficulty." 

This  method  of  estimating  the  distances  of  stars  was 
originally  proposed  by  James  Gregory,  who  was  born  eight 
years  after  Kepler's  death.  IIuygens  (1629-1695)  was  the 
first  to  use  it,  and  he  concluded  that  Sirius  (presumably  one 
of  the  nearest  of  the  stars )  has  a  parallax  of  about  7" ;  a  result 
which  is  too  great,  partly  because  Sirius  is  intrinsically  brighter 
than  the  Sun,  and  partly  because  of  the  difficulty  of  estimating 
the  relative  brightness  of  such  greatly  different  luminaries. 
This  latter  difficulty  was  overcome  with  great  ingenuity  by 
Newton  (1642-1727),  in  whose  Principia  (page  547,  Motte's 
Translation)  will  be  found  these  words: — 

"The  disk  of  Saturn,  which  is  only  17"  or  18"  in  diameter,  receives 
but  about  2[IOOi^i(joo  of  the  Sun's  light;  for  so  much  less  is  that  disk  than 
the  whole  spherical  surface  of  the  orb*  of  Saturn.    Now,  if  we  suppose 


*  That  is,  a  sphere  having  a  radius  equal  to  the  distance  of  Saturn  from  the  Sun. 
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Saturn  to  reflect  about  one  quarter  of  this  light,  the  whole  light  reflected 
from  its  illuminated  hemisphere  will  be  about  4tao0t^00t000  of  the  whole  light 
emitted  from  the  Sun's  hemisphere;  and,  therefore,  since  light  is  rarefied 
in  the  duplicate  ratio  of  the  distance  from  the  luminous  body,  if  the  Sun 
was  10,0001/42  times  more  distant  than  Saturn,  it  would  yet  appear  as 
lucid  as  Saturn  now  does  without  its  ring,  that  is,  something  more  lucid 
than  a  fixed  star  of  the  first  magnitude.  Let  us,  therefore,  suppose  that 
the  distance  from  which  the  Sun  would  shine  as  a  fixed  star  exceeds  that 
of  Saturn  by  about  100,000  times,  and  its  apparent  diameter  will  be  o".oo2, 
and  its  parallax  arising  from  the  annual  motion  of  the  Earth  o".2;  and  so 
great  will  be  the  distance,  the  apparent  diameter,  and  the  parallax  of  the 
fixed  stars  of  the  first  magnitude,  in  bulk  and  light  equal  to  our  Sun." 

This  estimate,  made  over  two  hundred  years  ago,  can  hardly 
be  improved  upon  at  the  present  day.  It  may  be  worth  while 
to  remark  that  modern  measurements  of  the  albedo  of  Saturn 
show  that  this  planet  reflects  at  least  twice  the  fraction  assumed 
by  Newton. 

Had  this  paragraph  of  Newton's  received  more  attention 
from  his  contemporaries  and  successors,  it  might  perhaps  have 
led  to  more  hesitation  in  announcing  large  parallaxes  and  meas- 
urable diameters  for  certain  stars.  Even  so  late  and  so  eminent 
an  observer  as  the  elder  Herschel  thought  he  could  detect 
the  true  disks  of  the  brighter  stars,  and  actually  published  some 
measures  of  their  angular  diameters. 


The  Tychonic  System. — The  above  note  suggests  a  word 
concerning  Tycho  Brahe's  system,  in  which  the  Sun  and  the 
Moon  were  supposed  to  revolve  around  the  Earth,  and  the 
planets  around  the  Sun.  It  seems  to  us  that  this  system  has 
been  too  severely  dealt  with  by  writers  on  Astronomy,  who 
usually  refer  to  it  in  such  terms  as  "strange,"  "grotesque,"  and 
"unfortunate."  It  should  be  borne  in  mind  that  Tycho's  sys- 
tem, so  far  as  the  Sun,  Moon,  and  planets  are  concerned,  is 
geometrically  identical  with  that  of  Copernicus;  that  is,  the 
relative  motions  of  any  two  bodies  are  the  same  in  either  system. 
The  greatest  obstacle  in  the  way  of  the  general  acceptance  of 
the  ideas  of  Copernicus  was  the  lack  of  parallax  in  the  stars. 
Men  were  just  then  striving  to  realize  the  great  distance  of  the 
Sun  from  the  Earth.  Small  wonder  that  they  should  hesitate 
to  believe  that  this  distance  is  a  mere  point  in  comparison  with 
the  distances  to  the  stars.  Tycho's  system  may  therefore  be 
said  to  fit  in  better  with  the  observed  facts  than  did  that  of 


x72  Publications  of  the 

Copernicus.  Especially  will  this  appear  to  be  true  when  we 
recall  the  state  of  mechanical  knowledge  at  the  time.  The 
ideas  concerning  mechanics  were  then  very  vague,  even  as 
regards  terrestrial  phenomena ;  and  the  extension  of  these  ideas 
to  the  heavens  tended  rather  to  disprove  than  to  confirm  the 
motion  of  the  Earth.  These  considerations  must  increase  our 
admiration  for  the  genius  of  Copernicus,  who  was  able  to 
see  beyond  such  formidable  objections;  but  at  the  same  time 
they  should  make  us  more  lenient  toward  Tycho's  system, 
which  from  the  standpoint  of  a  contemporary  had  much  to 
commend  it. 


The  Rate  of  a  Clock  in  Constant  Temperature  and  under 
Constant  Pressure. — At  the  Case  Observatory  (Cleveland, 
Ohio)  the  experiment  has  been  tried  of  subjecting  an  astro- 
nomical clock  to  constant  pressure  and  temperature.  The 
whole  clock,  together  with  a  barometer  and  a  thermometer, 
is  inclosed  in  an  air-tight  compartment  from  which  the  air  may 
be  partly  exhausted.  By  noting  the  reading  of  the  barometer, 
and,  if  necessary,  exhausting  the  air  a  little  further,  it  is  pos- 
sible to  keep  the  pressure  sensibly  constant.  The  whole  arrange- 
ment is  placed  in  a  constant-temperature  room.  In  this  instance, 
the  temperature  is  automatically  kept  unvaried  by  means  of 
thermostats.  Professor  Howe  has  a  paper  in  Astronomical 
Journal  No.  524  on  the  performance  of  this  clock.  For  a  period 
of  three  months,  in  which  the  clock-error  was  observed  sixteen 
times  (rejecting  three  nights  for  reasons  given),  he  finds  the 
daily  rates  to  vary  at  most  only  os.022  from  the  mean.  The 
daily  rates  were  computed  by  using  the  observations  only  in 
pairs ;  that  is,  each  night  with  the  following  one.  This  method 
of  computation  is,  if  anything,  unfavorable  to  the  clock,  as 
errors  of  observation  have  too  large  an  effect  on  the  rates. 
This  is  especially  true  in  the  present  case  because  the  intervals 
between  observations  are  sometimes  quite  short  — in  one  case 
only  twenty-two  hours.  The  writer  of  this  note  made  a  least- 
square  solution  to  see  how  well  the  observed  clock-errors  would 
satisfy  the  assumption  of  a  constant  rate.  He  found  that  the 
largest  residual  (observed  minus  computed  clock-corrections) 
was  os.3.  Another  solution,  using  only  the  last  two  months, 
during  which  period  the  clock-correction  had  been  determined 
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thirteen  times,  gave  no  residual  so  great  as  o^.io.  Even  this 
quantity,  remarkably  small  though  it  is,  cannot  all  be  ascribed 
to  irregularities  of  the  clock;  part  of  it  is  due  to  errors  of 
observation  and  to  errors  in  the  almanac  places  of  the  stars, 
different  sets  having  been  used  on  different  nights. 


An  interesting  problem  occuring  in  the  method  of  least- 
squares  is  the  following:  What  is  the  probable  error  of  a 
given  function  of  x,  y,  z,  etc.,  when  the  values  of  the  latter  have 
been  found  from  the  same  least-square  solution?  If  x,  y,  z, 
etc.,  were  independent  of  each  other  the  answer  would  be  quite 
simple,  but  it  is  clear  that  they  are  functions  of  the  same 
observed  quantities,  and  therefore  functions  of  each  other. 
The  problem  has  been  treated  in  its  most  general  form  by 
Helmert  in  his  Ausgleichungsrechnung  nach  der  Met  hade  der 
kleinsten  Quadrate  (page  139).  In  Astronomical  Journal  No. 
523  Mr.  Herbert  L.  Rice  gives  a  new  demonstration  of  the 
fundamental  formula  and  points  out  several  places  where 
eminent  astronomers  have  been  at  fault  on  this  point. 


A  List  of  New  Variables. — The  Committee  on  Variable 
Stars  appointed  by  the  Astronomische  Gesellschaft  has  recently 
reported  a  list  of  twenty-four  recently  discovered  variable  stars, 
whose  variability  has  been  confirmed.  Most  of  them  were  dis- 
covered by  means  of  photography.  Four  of  the  variables  are 
of  the  Algol  type ;  that  is,  their  light  is  constant,  except  for  a 
short  time  at  minimum.  The  list  is  rather  unusual  in  the  faint- 
ness  of  the  stars  even  at  maxima.  Only  one  star  reaches  a 
magnitude  between  six  and  seven,  the  next  brightest  being 
between  the  eighth  and  ninth  magnitude  at  its  maximum.  One 
star  is  never  brighter  than  the  eleventh  magnitude.  This  would 
seem  to  indicate  that  most  of  the  variables  among  the  brighter 
stars  have  already  been  detected.  It  must  be  borne  in  mind, 
however,  that  in  the  present  state  of  photometry  a  variable  will 
probably  escape  detection  unless  it  nearly  doubles  its  light  in 
going  from  minimum  to  maximum,  or,  in  other  words,  unless  it 
varies  nearly  three  quarters  of  a  magnitude  or  more.  No  doubt 
there  are  many  stars  which  vary  only  one  or  two  tenths  of  a 
magnitude,  and  quite  possibly,  when  photometers  are  sufficiently 
improved,  we  shall  find  that  a  considerable  fraction  of  all  the 
stars  are  variable  to  some  extent. 
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It  is  understood  that  the  discoverer  of  a  minor  planet  shall 
assign  to  it  a  feminine  name.  The  only  exception  to  this  rule  is 
the  case  of  Eros,  which,  on  account  of  its  extraordinary  orbit, 
is  justly  distinguished  from  others  of  the  family.  To  find  suit- 
able names,  with  this  restriction,  for  so  many  planets  has  over- 
taxed the  ingenuity  of  the  discoverers,  until  now  no  interest 
whatever  attaches  to  the  naming  of  a  minor  planet.  Dr. 
Delisle  Stewart  has,  however,  given  a  particularly  apt  name, 
Occlo,  to  the  planet  discovered  by  him  at  Arequipa,  Peru,  in 
1901.  Occlo  was  the  first  queen  of  the  Incas,  and,  according 
to  native  mythology,  she  was  the  daughter  of  the  Sun. 


It  is  reported  that  $50,000  has  been  raised  for  an  observatory 
at  Amherst.  The  principal  instrument  is  to  be  a  refractor  of 
eighteen  inches  aperture.  The  college  already  possesses  a 
refractor  with  a  7^4-inch  objective  and  a  reflector  of  12-inch 
aperture,  and  these  will  be  suitably  mounted  in  the  new  observa- 
tory. There  are  also  to  be  two  transit  instruments,  clocks,  a 
spectroscope,  etc.  The  observatory  will  be  used  for  purposes  of 
instruction  as  well  as  research. 


The  trustees  of  the  Benjamin  Apthorp  Gould  fund  have 
granted  $300  to  Goodsell  Observatory  for  the  measurement  of 
Eros  parallax  photographs. 


Captain  Colby  M.  Chester,  U.  S.  N.,  has  been  appointed 
Superintendent  of  the  Naval  Observatory,  to  succeed  Captain 
C.  H.  Davis,  who  has  been  assigned  to  sea  duty. 


Dr.  E.  S.  Holden,  formerly  of  the  Lick  Observatory,  has 
been  appointed  Librarian  at  the  West  Point  Military  Academy. 
Dr.  Holden  is  an  alumnus  of  this  institution,  of  the  class  of 
1870. 


Herve  Fave,  the  eminent  French  astronomer,  died  at  Paris 
on  July  4th.  Fave  was  born  in  1814,  and  had  been  prominent 
in  astronomy  for  sixty  years.  In  1843  nc  discovered  the  comet 
which  bears  his  name,  and  which  has  a  period  of  only  seven 
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and  a  half  years.  Faye  was  connected  with  the  famous  Ecole 
Polytechnique,  as  student  and  professor,  throughout  nearly  the 
whole  of  his  life.  He  is  most  widely  known  through  his  theory 
of  sun-spots  and  through  his  speculations  on  the  origin  of  the 
universe.  He  was  a  member  of  the  Academie  des  Sciences,  of 
the  Bureau  des  Longitudes,  and  of  the  International  Geodetic 
Association. 


In  the  death  of  Adelbert  Safarik,  which  occurred  at 
Prague  on  July  2d,  astronomy  has  lost  another  long-tried 
servant.  Safarik  was  born  in  Hungary  in  1829,  and  he  received 
his  training  at  Prague,  Berlin,  and  Gottingen.  His  astronomical 
work  consists  in  observations  of  the  planets  and  the  Moon,  and 
especially  of  variable  stars.  In  spite  of  the  severe  illness  of 
the  latter  part  of  his  life,  he  is  said  to  have  made  during  this 
period  no  less  than  twenty  thousand  observations  of  variable 
stars.  Safarik  had  a  broad  knowledge  of  science  in  general ; 
for  a  time  he  was  professor  of  chemistry  at  Prague.  But 
astronomy  was  always  his  favorite,  and  never  were  his  observa- 
tions entirely  discontinued. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  at  the   llck   observatory,  on  sep- 
tember 6,   i902,  at  9  p.m. 

President  Perrine  presided.  A  quorum  was  present.  Two  new 
members  were  elected  to  the  Society,  namely: — 

The  Library  of  the  U.  S.  Military  \  WttCf  P~:„f  m   v 
Academy ^  west  roint,  in.  y. 

Professor  M.  B.  Sxvoek  .   ......  {^SS^^SSSSS'k. 

The  report  of  the  Committee  on  Membership  was  then  taken  up. 
After  full  discussion  it  was  moved,  seconded,  and  carried  that,  in  view  of 
the  financial  questions  involved  (some  mentioned  in  the  Committee's 
report,  and  others  brought  out  in  discussion),  the  further  consideration  of 
the  report  be  postponed  until  the  regular  business  meeting  in  November ; 
that  the  President  be  requested  to  call  the  meeting  at  such  an  hour  as  to 
secure  a  large  attendance  of  the  Board  with  suitable  time  for  deliberation  ; 
that  the  President  be  requested  to  invite  the  attendance  of  Past- Presidents 
or  others  who  may  be  especially  interested;  and  that  a  copy  of  the  Com- 
mittee's report  be  sent  in  advance  to  each  member  of  the  Board  and  those 
specially  invited. 

The  consenting  votes  of  eight  Directors  having  been  secured,  it  was 
decided  to  make  no  award  of  the  Bruce  Medal  for  the  year  1903. 

Adjourned. 
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Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,  held  at  the  Lick  Observatory, 

September  6,   1902,  at  9:30  p.m. 

President  Perrine  presided.  The  minutes  of  the  last  meeting  were 
approved. 

The  following  resolutions  were  presented,  and  on  motion  adopted: — 

Whereas,  Mr.  William  M.  Pierson  has  generously  offered  to  bear  the  deficit  iu 
the  finances  of  the  Society  for  the  present  fiscal  year ; 

Resolved,  That  the  thanks  of  the  Society  be  tendered  to  him  for  this  timely  aid. 

Whereas,  Mr.  William  Alvord  has  generously  contributed  the  sum  of  one  hundred 
dollars  towards  the  current  expenses  of  the  Society  for  the  present  fiscal  year; 

Resolved,  That  the  thanks  of  the  Society  are  hereby  tendered  to  him  for  this 
opportune  gift. 

John  Dolbeek,  a  member  and  former  President  of  this  Society,  died 
at  his  home  in  San  Francisco,  on  the  17th  of  August,  1902,  at  the  age  of 
75  years,  4  months,  and  25  days.  He  was  born  in  Epsom,  New  Hamp- 
shire, in  1827,  and  came  to  California  fifty-one  years  ago.  During  a  long 
and  active  career  in  (California  he  was  engaged  in  many  enterprises  upon 
a  large  scale,  chiefly  appertaining  to  the  lumber  industry,  and  may  well 
be  regarded  as  among  the  builders  of  the  West.  Notwithstanding  his 
active  business  life,  he  found  time  to  assist  in  charitable  and  scientific 
undertakings,  taking  a  deep  interest,  as  an  amateur,  in  astronomy. 

He  was  a  member  of  this  Society,  and  had  served  as  one  of  its 
directors  and  also  as  its  President.  In  the  year  1900  he  fitted  out  at  his 
own  expense  an  expedition  to  observe  the  eclipse  of  the  Sun  at  Siloam, 
Georgia,  from  which  valuable  scientific  results  were  obtained.  He  made 
generous  contributions  to  astronomical  science,  and,  by  his  will,  a  large 
gift  to  this  Society. 

A  Committee  appointed  by  President  Perrine,  consisting  of  Messrs. 
Pierson,  Molera,  and  Cushing.  presented  the  following  resolutions, 
which  on  motion  were  duly  adopted  as  the  expression  of  the  sentiments 
of  this  Society: — 

Resolved,  That  by  the  death  of  John  Dolbeer  this  community  has  suffered  the  loss 
of  a  pioneer  merchant,  in  whose  career  we  recognize  both  the  successful  business  man  and 
the  patron  of  art  and  science;  that  this  Society  has  by  his  death,  whether  we  consider  him 
in  the  capacity  of  member,  Director,  President,  or  patron,  lost  one  whose  sturdy  and 
intelligent  support  contributed  largely  to  its  success. 

Resolved,  That  these  resolutions  be  spread  in  full  on  our  minutes,  and  that  a  copy 
thereof  be  sent  to  the  relatives  of  the  deceased  as  a  slight  token  of  our  appreciation  of  our 
departed  friend.  ^^^^^^^^^^^^^^^^^^^^^^^^^ 

Adjourned. 
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NOTICE. 

The  attention  of  new  members  is  catted  to  Article  V  i  II  of  the  By-Laws,  which  provides 
that  the  annual  subscript  ton  t  paid  on  election,  covers  the  calendar  year  only,  Subsequent 
annua)  payments  are  due  on  January  1st  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keepinjr  as  simple  as  possible.  Dues  sent  by  mail 
should  be  directed  to  Astronomical  Society  ol  the  Pacific,  Bio  Market  Street,  San  Fraudsco. 

It  h  intended  that  each  member  of  llie  Society  shall  receive  a  copy  of  each  01  I 
PmbiicQttitni  for  the  year  in  which  he  was  elected  to  membership  and  for  all  subsequent 
years,  If  there  have  been  (unfortunately)  any  omissions  in  tins  ni  Liter,  it  is  requested  that 
the  Secrelarics  be  at  once  notified,  in  order  that  the  misjing  numberi  may  be  supplied. 
Members  are  requesled  lo  preserve  the  copies  of  the  Pubhcatttms  of  the  Society  as  sent  to 
them.  On  t :c  each  year  a  I  it  Ir-page  and  con  t  em  s  of  t  he  preced  i  hi;  iiiidi  bem  wii  I  also  1  v  s  c  n  l 
to  the  members,  who  can  then  bind  the  numbers  together  Into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  tne  stock  in  hand 
is  sufficient,  on  the  paj  ment  of  two  dollars  per  volume  to  cither  of  the  Secretaries.  Any 
non-resident  member  within  the  United  Slates  can  obtain  books  from  the  Socielv's  library 
by  sending  hfs  library  card  with  trti  cents  in  stamps  to  the  Secretary  A.  S.  P.t  fi'ig  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  (be  order  in  which  papers  arc 
printed  in  the  Pubticatiow  is  decided  simply  by  Convenience,  In  a  general  way,  those 
p  ipers  are  printed  first  which  are  earliest  accepted  for  Bubtkation.  it  is  not  possible  lo 
scud  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  wuh 
the  writers,  and  is  not  assumed  by  the  Society  itself* 

The  titles  of  papers  tor  reading  should  [*e  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  if  i  addresses.  Th<  Secretary  in  San  Francisco  will 
send  lo  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows:  a  blot  It  of  letter  paper,  40  cents;  of  note  paper,  25  cents: 
a  package  of  envelopes,  35  cents.  These  prices  Include  postage,  and  should  be  remitted 
by  money  order  or  in  V.  S.  postage  stamps.    The  send  ings  are  at  the  risk  of  I  he  mem  Nl r. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  "The  Secretary  Astronomical  Society  of  the  Pacific" 
at  the  rooms  of  the  Society*  8iu  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  etc. 
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THE   LONGITUDINAL  ABERRATION   OF  A   PARA- 
BOLIC MIRROR. 


By  W.  J.  Hussey. 


In  the  August-September  number  of  Popular  Astronomy, 
Professor  Wadsworth  has  given  an  investigation  of  the  longi- 
tudinal aberration  of  a  parabolic  mirror.  He  calls  attention  to 
the  difference  between  the  formula  for  computing  this  quan- 
tity as  given  by  Dr.  Draper,  viz., 


a  ■=  —  , 
4/ 

and  that  given  by  Mr.  Wassell  and  others,  viz., 


(0 


-1/2  yA 

a  =  Tf+Wi'  (2> 

where  a  is  the  longitudinal  aberration  measured  along  the  axis 
from  the  center  of  curvature  for  a  zone  of  radius  y  of  a  para- 
bolic mirror  whose  principal  focal  length  is  /. 

Professor  Wadsworth  concludes  that  the  first  of  these 
expressions  is  correct  and  that  the  second  is  wrong.  As  a 
matter  of  fact,  when  properly  interpreted,  both  formulas  are 
rigorously  correct.  They  are  applicable  to  parabolic  mirrors 
of  any  aperture  and  any  focal  length.  They  differ  because  they 
correspond  to  different  methods  of  testing.  The  first  formula 
assumes  that  the  point-source  of  light  and  its  image  as  formed 
by  the  zone  that  is  being  tested  are  made  to  coincide ;  that  is, 
in  testing  a  mirror  having  the  aberrations  computed  by  this 
formula  the  source  of  light  and  the  eye-piece  must  move  to- 
gether along  the  axis  of  the  mirror  in  passing  from  zone  to 
zone.     The  second  formula  assumes  that  the  point-source  of 
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light  remains  fixed  at  the  center  of  curvature  and  that  its 
images  corresponding  to  the  various  zones  do  not  coincide  with 
it,  except  in  the  case  of  the  central  zone.  In  testing  a  mirror 
having  the  aberrations  computed  by  the  second  formula  the 
eye-piece  alone  is  moved  along  the  axis  of  the  mirror  in  passing 
from  zone  to  zone. 

The  above  formulas  may  be  derived  easily,  without  recourse 
to  calculus.  Let  Figure  I  represent  a  section  of  a  paraboloid 
of  revolution  by  a  plane  containing  the  axis.  Let  V  be  the 
vertex  and  F  the  focus  of  the  parabolic  section,  and  D  the 


center  of  curvature  of  the  parabola  at  the  vertex.  Then 
FF  =  FD  =  /.  Taking  the  origin  at  the  vertex  and  the  axis 
of  the  parabola  as  the  axis  of  abscissas,  the  equation  of  the 
parabola  is 

r  =  4/*  (3) 

Let  A  be  a  point  in  the  parabola  at  a  distance  BA  from  the 
axis,  and  AF  the  normal  to  the  parabola  at  ./.  Let  the  co- 
ordinates of  A  be  .r'  and  y\ 

Case  I.  Foint-sourcc  of  light  and  its  image  coincident. — Let 
the  point-source  of  light  and  its  image  be  placed  at  /:.  A  ray 
FA  meets  the  surface  of  the  mirror  normally  at  A  and  is  re- 
flected along  the  path  AF.  Moreover,  all  rays  which  emanate 
from  F  and  make  an  angle  eqtial  to  V FA  with  the  axis  are  also 
reflected  in  paths  which  pass  through  /:.     F  is  therefore  the 
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image  of  E  as  formed  by  these  rays,  and  the  distance  DE  is 
the  longitudinal  aberration  of  the  infinitely  narrow  zone  A  of 
radius  AB  =  y\  The  subnormal  BE  of  the  parabola  is  constant 
and  equal  to  2/.     VD    is    also    equal    to    2/.     Consequently, 

DE  =  J'B  —  .r'  =  —    ■  Or,  dropping  the  accents  and  writing 

a  in  place  of  DE,  we  have  the  required  formula  as  follows : — 

—5-  (,) 

Case  II.  Point-source  of  light  fixed  at  the  center  of  curva- 
ture.— Let  the  point-source  of  light  be  placed  at  the  center  of 
curvature  D.  A  ray  DA  meets  the  surface  of  the  mirror  at  A 
and  is  reflected  along  the  path  AC,  making  the  angles  DAE  and 
EAC  equal,  these  being  respectively  the  angles  of  incidence  and 
reflection.  All  rays  which  emanate  from  D  and  make  an  angle 
equal  to  VDA  with  the  axis  lie  in  the  surface  of  a  right  cone 
which  intersects  the  paraboloid  in  a  circle  of  radius^£  =  y',  and 
they  are  reflected  in  rays  which  all  lie  in  the  surface  of  another 
right  cone  whose  vertex  is  at  C  and  whose  semi-vertical  angle 
is  VCA.  C  is  therefore  the  image  of  D  formed  by  the  rays 
which  lie  in  the  surfaces  of  the  cones  mentioned,  and  DC  is  the 
longitudinal  aberration  of  the  infinitely  narrow  zone  A  of  radius 
AB  =  y. 

The  coordinates  of  D  are  2f  and  o ;  those  of  E  are  2/  -+-  x1 
and  o ;  and  those  of  C  are  2/  +  a  and  o.  Having  the  coordi- 
nates of  A,  D,  E,  and  C,  we  may  write  the  equations  of  the 
lines  AD,  AE,  and  AC.    They  are  respectively  as  follows : — 

/  xv't,  ,  . 


x' —  2/T       Jd—2f 


>  =  -7fx+*y+y-  (5) 


y=  ~ 


^rr—. .+y.w 


x  —  2/ —  a  x  —  2/ —  a 

In  these  equations  the  coefficients  of  x  are  the  tangents  of  the 
angles  which  these  lines  make  with  the  axis  of  abscissas.  Now, 
if  m  and  m'  are  the  tangents  of  the  angles  which  any  two  lines 
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make  with  the  axis  of  abscissas,  the  angle  0  included  between 
these  lines  is  given  by  the  expression, 

If  we  substitute  in  this  the  values  of  m  and  tri  from  the  equa- 
tions of  DA  and  AE,  and  also  those  of  AE  and  CA,  we  shall 
obtain  respectively  the  tangents  of  the  angles  DAE  and  EAC. 
These  angles  are  necessarily  equal.  We  may  therefore  equate 
the  values  of  their  tangents.  Doing  this  and  solving  the  result- 
ing expression  for  a,  we  obtain  the  following  rigorous  expres- 
sion for  the  longitudinal  aberration  of  a  parabolic  mirror : — 

a=2x'  +  y,  (8) 

or,  substituting  ^r  for  x'  and  dropping  the  accents, 

a  =  f/+£f3-  (2) 

A  more  general  formula  for  the  longitudinal  aberration,  of 
which  the  equation  just  given  is  a.  special  case,  may  be  readily 
derived.    It  is  here  considered  as 

Case  III.    Point-source  of  light  situated  upon  the  axis  at  a 

distance  d  from  the  vertex. — The  coordinates  of  the  source  of 
light  are  now  (/  and  o.  Let  those  of  its  image  corresponding  to 
the  zone  of  radius  y  be  denoted  by  //  -f-  a  and  o,  where  Ji  is  the 
distance  from  the  vertex  at  which  the  image  is  formed  by  that 
portion  of  the  mirror  which  is  situated  at  the  vertex,  and  where 
a  is  the  aberration  required.  In  this  case  the  aberration  is 
reckoned  from  a  point  in  the  axis  at  a  distance  //  from  the  ver- 
tex. 

The  argument  and  method  here  are  the  same  as  in  the  pre- 
ceding case.  The  equations  of  the  incident  ray,  the  normal, 
and  the  reflected  ray  are  respectively  as  follows  : — 

y  x '  y     i     '  /  x 

y  =  Y--dx-T=-d+y<  (9) 

y-  x^'h-ax-  .x-l-a+>{-       (II) 
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The  expressions  for  the  tangents  of  the  angles  included 
between  the  first  and  second,  and  between  the  second  and  third 
of  these  lines  are  formed  and  equated.  When  the  resulting 
expression  is  simplified  and  x'  eliminated  through  the  use  of  the 
equation  y'2  =  4fx',  and  the  accents  dropped,  it  reduces  to 

a  -        *         -I-  r  >/<4+K)-dk 

2{d—/)^     ibfid—J)^  d—f  '  UZ; 

Now,  from  the  manner  of  selecting  the  distance  h,  it  will  be 
seen  that  a  and  y  vanish  simultaneously.  Consequently  the  con- 
stant term  of  the*  last  equation  is  equal  to  zero.  From  this 
condition  we  get  the  relation  between  h  and  d,  as  follows: — 


d-f    J  rd-f 

At  the  same  time  the  preceding  equation  reduces  to 

y%  y* 

a  =  2(d-f)  +  ib/>{d-fy  (I4) 

which  is  the  complete  formula  for  the  longitudinal  aberration 
of  an  infinitely  narrow  zone  of  a  parabolic  mirror,  the  source 
of  light  being  situated  anywhere  upon  the  axis. 

If  the  source  of  light  is  placed  at  the  center  of  curvature, 
d  =   2f,  and  h  =  2f,  and  the  last  equation  reduces  to 

a  =  b+^7>'  (2) 

as  given  in  Case  II. 

If  the  source  of  light  is  placed  at  an  infinite  distance, — that 
is,  if  the  mirror  is  directed  to  a  star, — d  becomes  infinite  and  at 
the  same  time  h  =  f,  and  a  =  o.  Or,  in  other  words,  rays  par- 
allel to  the  axis  are  brought  to  a  focus  from  all  parts  of  the 
mirror,  free  from  aberration,  at  the  principal  focus  of  the 
mirror. 

In  the  preceding  paragraphs  it  has  been  assumed  that  the 
rays  of  light  are  reflected  from  an  infinitely  narrow  zone  of  the 
mirror,  the  zone  being  circular  and  having  its  center  in  the  axis 
of  the  paraboloid.  The  zones  actually  used  in  testing  a  mirror 
necessarily  have  a  finite  width.  In  consequence  of  this  the  rays 
of  light  which  are  reflected  from  the  surface  of  such  a  zone  as 
is  used  in  practice  do  not  all  intersect  in  the  same  point  of  the 
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axis.    This  will  be  evident  from  the  following  concrete  example, 
which  we  shall  regard  as 

Case  IV.  Point-source  of  light  fixed  at  the  center  of  curva- 
ture D  and  zone  of  Unite  zi*idth,  as  indicated  by  AB,  A'B'  of 
Figure  2. 

According  to  these  hypotheses  the  rays  of  light  which  are 
reflected  from  A  and  B  respectively  intersect  the  axis  in  points 
C  and  G,  the  aberrations  DC  and  DG  being  those  given  by  equa- 
tion (2).    Rays  reflected  from  points  between  A  and  B  meet 


the  axis  in  points  between  C  and  C  The  extreme  rays  AC  and 
EG  intersect  in  //.  but  since  no  other  rays  from  the  zone  under 
consideration  intersect  in  //,  H  is  not  an  image  of  D  as  formed 
by  rays  from  any  portion  of  this  zone.  Un  the  contrary,  the 
rays  which  are  reflected  from  that  part  of  the  surface  from  A 
to  B  inclusive,  when  taken  in  all  possible  combinations  of  two 
at  a  time,  have  points  of  intersection  which  completely  fill  the 
region  HCd.  The  symmetrical  portion  of  the  zone  .■/'/?'  like- 
wise furnishes  rays  which  intersect  the  axis  in  points  between 
C  and  (/..  and  which  when  taken  two  at  a  time  have  points  of 
intersection  which  completely  fill  the  region  KCG,  symmetrical 
with  IICG. 

The  rays  from  A'  and  B,  and  those  from  A  and  B'  intersect 
respectively  in  the  points  /;  and  F.    Let  the  line  joining  E  and  F 
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intersect  the  axis  in  L.*  Then  it  is  evident  that  VL  is  the 
distance  from  the  vertex  at  which  the  cross-section  of  the  rays 
reflected  from  the  entire  circular  zone  AB,  A'B'  has  its  mini- 
mum diameter.  When  the  zone  is  of  finite  width,  as  here 
assumed,  there  is  no  point  in  which  all  the  rays  reflected  from 
the  zone  intersect,  and  therefore  there  is  no  single  all-embra- 
cing focal  point.  But  in  passing  the  circle  of  which  EF  is  the 
diameter  the  rays  are  crowded  together  more  closely  than 
elsewhere,  so  that  in  this  circle  we  have  the  nearest  approach 
to  the  formation  of  an  image  of  the  point  D  by  all  the  rays 
which  are  reflected  from  the  zone  of  finite  width  AB,  A'B'. 
This  circle  is  called  the  circle  of  least  confusion.  We  will  next 
determine  its  position  and  radius. 

Let  x',  y'  be  the  coordinates  of  A  and  x",y"  those  of  B. 
Then  the  equations  of  A'C  and  BG  are  respectively  as  fol- 
lows : — 

--    r.  *  +  ^  *A  „,  -y.    (15) 


^  x  — 2/ — a        '    x  — 2/ — a 

y  =  +  *"-  if  -a-X~  x"-Yf-  a"  +^"'       (,6) 
where,  according  to  equation  (2), 


a,  =  /!+  /♦ 


and 


2/^  16/3 » 

•-57+-.67»- 


E  is  the  point  of  intersection  of  these  lines.  Its  abscissa  is 
the  distance  of  the  circle  of  least  confusion  from  the  vertex  of 
the  paraboloid,  and  its  ordinate  is  the  radius  of  this  circle. 
Hence,  if  we  solve  equations  (15)  and  (16),  to  get  the  co- 
ordinates of  their  point  of  intersection,  we  shall  have  the 
quantities  required.  In  the  unreduced  form  the  resulting  ex- 
pressions are  somewhat  complicated.  If,  after  forming  them, 
we  put 

y" — y1  =  2  w, 


*  The  letter  L  is  omitted  from  the  diagram,  the  space  available  not  being  sufficient  to 
give  it  clearly.     Its  location  is  evident  from  the  description  of  the  diagram. 
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we  find  that  they  may  be  reduced  to  the  following  forms : — 

U-2/  +      2/      -|  ^  +  _+__  (l?) 

and, 

where,  for  brevity,  we  have  written 

*  =  32/4  +  4/a  (*■  —  »")  +  (**  —  a^)  (**  +  3  «^)» 

e  =  5-84  2Z2  w*  -f-  7  OH, 

^  =  3  .Z6  3^4  Of»  ^  OH  -f-  7  2P6. 

If  the  aberration  is  measured  from  the  center  of  curvature, 

we  have 

a  =  VL  —  VD  =  VL  —  2/ 

as  the  value  of  the  longitudinal  aberration  of  the  circle  of  least 
confusion.  This  is  given  directly  by  transposing  2f  from  the 
second  to  the  first  member  of  equation  (17).  The  last  two 
terms  of  equation  (17)  are  very  small  for  such  mirrors  as  are 
used  for  reflecting  telescopes  and  may  be  omitted  without  mate- 
rial error.    Neglecting  them,  we  have 

Z7   4-    T>   W2      .     Z*  -J-  6  Z2  W2  +   Q  7U*  ,       N 

a  — --  ! — -. h      -J —     — r    ♦  (T9) 

2  /  '  16/3  v  w 

which  is  a  very  approximate  expression  for  the  longitudinal 
aberration  of  a  zone  of  width  2u  and  mean  radius  z  of  a  para- 
bolic mirror  whose  principal  focal  length  is  /. 

Equation  (2)  is  a  special  case  of  the  one  last  given.  When 
an  infinitely  narrow  zone  is  taken,  ic  may  be  put  equal  to  zero ; 
the  omitted  terms  vanish,  and  equation  (19)  reduces  to  the 
form  of  equation  (2).  Further,  the  diameter  of  the  circle  of 
least  confusion  becomes  evanescent  along  with  w,  as  will  be 
seen  from  a  consideration  of  equation  (18). 

Cask  V.  Point-source  of  light  situated  upon  the  axis  at  a 
distance  d  from  the  vertex,  the  zone  being  of  finite  width. 

Let  the  aberration  be  measured  from  a  point  on  the  axis  at 
a  distance  h  from  the  vertex.  Then  the  equations  of  the  re- 
flected rays  A'C  and  BG  are  like  (15)  and  (16),  except  that  2/ 
is  replaced  by  h  and  the  aberrations  a    and  a"  now  have  the 
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complete  form  of  equation  (12).  The  method  here  is  precisely 
the  same  as  for  the  preceding  case.    The  results  are 

3  (—  ^  ggr»  +  «*) 

and  +    *<//«/-/)•  (20) 

Z£.  =  4  w  (*—»«)  (4/a  +  ^  +  «eQ  (2l) 

where  in  the  value  of  FL  we  have  omitted  the  terms  which  are 
insensible  in  all  practical  cases.  The  several  omitted  terms  are 
those  corresponding  to  the  last  two  terms  of  equation  (17)  and 
like  them  contain  the  factor  w2  in  their  numerators,  while  their 
denominators  are  at  lowest  of  the  order  fA. 

In  the  denominator  of  (21),  for  brevity  we  have  put 

/  =  16/3  d  +  4/(*»  —  ze/2)  (3/—  d)  +  (*»  —  «/»)  0?a  +  3  a*). 

From  equation  (21)  it  will  be  seen  that  the  diameter  of  the 
circle  of  least  confusion  becomes  evanescent  along  with  w. 

If  the  aberration  is  measured  from  a  point  upon  the  axis  at 
a  distance  h  from  the  vertex  of  the  paraboloid,  we  shall  have  for 
its  value 

a=  VL  —  h.  (22) 

VL  being  given,  in  general,  by  equation  (20)  and  h  by  (13). 
When  the  aberration  is  measured  from  the  center  of  curvature 
the  last  equation  becomes 

a=VL—2f.  (23) 

Equations  (1)  and  (2)  may  both  be  obtained  from  (23)  by 
giving  to  zv,  z,  and  d  in  VL  values  corresponding  to  the  condi- 
tions imposed  in  the  derivation  of  (1)  and  (2).  In  each  case 
the  zone  then  becomes  infinitesimal  in  width.  Hence  w  =  o,  and 
we  may  put  z  =  y.  When  the  light  is  placed  at  the  foot  of  the 
normal,  i.  e.  at  E  in  Figure  1, 

d=x+2f, 

and  in  accordance  with  these  circumstances  equations  (20)  and 
(23)  give 

4/ 
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When  the  light  is  fixed  at  the  center  of  curvature,  i.  e.  at  D  in 

Fie-  *•  d=2f, 

and  the  same  equations  give 


2/     '      16/3' 

Mt.  Hamilton,  California,  October  22,  1902. 


OBSERVATIONS  OF  THE  ECLIPSED  MOON,  OCTO- 
BER 16,  1902. 


Bv  Rose  O'Halloran. 


The  atmosphere  here  was  very  favorable  to  observation 
during  the  total  phase  of  the  recent  lunar  eclipse,  which 
occurred  on  October  16th,  in  accordance  with  astronomical 
forecast.  Some  minutes  before  its  symmetry  was  noticeably 
impaired,  the  east  limb  of  the  Moon  was  dimmed  by  the  ter- 
restrial shadow,  which  within  half  an  hour  had  successively 
submerged  Gritnaldi,  Aristarchus,  Kepler,  Gassendi,  and 
Tycho.  Cirrus  clouds  flitted  by  during  the  half-moon  phase, 
and  the  crescent  was  formed  before  the  shadowed  surface 
became  discernible.  A  narrow  semicircular  strip  round  the 
limb  was  first  suffused  with  the  glow  of  refracted  sunlight, 
wreathing  the  dark  terrestrial  hemisphere,  and  large  tracts 
adjacent  to  Tycho,  where  lunar  seas  are  scarce,  were  soon 
included  in  this  interesting  illumination.  Though  familiar 
with  descriptions  of  our  satellite  when  eclipsed  in  recent  and 
former  years,  the  color  was  more  vivid  than  1  anticipated,  and, 
telescopicallv,  it  was  distinctly  pink. 

At  9:16  j\  m.  the  shadow  was  over  Marc  Crisium  and  the 
crater  J^ctaiins,  but  for  some  minutes  after  totality  the  fore- 
shortened limb  west  of  these  features  shone  with  a  dull  white 
light.  This  was  succeeded  by  a  luminous  pink  hue  that  could 
not  be  classed  as  either  coppery  or  chocolate-colored.  Probably 
it  was  caused  by  a  mingling  of  white  light  with  unusually  red 
rays  from  the  atmospheric  aureole.  At  first  the  central 
portion  of  the  disk  seemed  to  be  shrouded  from  this  beacon  of 
totality,  but  before  long  the  seas  were  discernible,  even  without 
magnifying    power.       If    an    observer    were    uninfluenced    by 
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known  facts,  the  telescopic  view  was  that  of  a  translucent 
sphere  whose  central  fires  gleamed  out  more  or  less  through 
the  surface,  according  to  the  thickness  of  the  crust.  The  white 
streaks  so  conspicuous  at  full  moon  were  discernible  and  con- 
veyed less  impression  of  transluCency  than  the  other  tracts, 
which  were  salmon-colored.  The  seas  were  in  contrast  to 
both,  resembling  a  dull  gray  substance  on  which  red  light  is 
cast.  As  the  eclipsed  orb  advanced  more  centrally,  its  pink 
color  declined  and  the  time-honored  coppery  light  held  full, 
sway  for  about  half  an  hour.  At  this  stage,  but  for  the 
familiar  outlines  of  the  seas,  the  Moon  seemed  like  a  dusky 
intruder  among  the  small  stars  of  Pisces  that  shone  so  brightly 
through  the  shadow  depths.  In  color  it  bore  little  resemblance 
to  the  ashen  surface  visible  when  the  Moon  is  young.  Before 
the  end  of  totality  the  brighter  hues  reappeared,  the  pink  glow 
on  the  east  limb  as  it  neared  sunlight  giving  place  again  to  a 
dull  white  that  lingered  until  direct  rays  ended  the  total 
phase. 

Though  no  mystery  attaches  to  the  encounter  between  the 
Earth's  shadow  and  satellite,  and  its  scientific  value  is  limited, 
still  as  seen  here  to  full  advantage  it  was  an  impressive  ful- 
fillment of  astronomical  prediction  and  theory  not  soon  to  be 
forgotten. 

San  Francisco,  October  21,  1902. 
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The  Earth  is  at  perihelion  at  5  p.  m.,  January  3d,  Pacific 
time. 

Mercury  is  an  evening  star  throughout  January,  passes  in- 
ferior conjunction  with  the  Sun  on  the  morning  of  February 
2d,  and  becomes  a  morning  star.  It  reaches  greatest  east 
elongation  on  January  17th,  being  at  that  time  not  quite  190 
east  of  the  Sun.  For  a  few  days  near  that  date  it  sets  at  about 
an  hour  and  a  half  after  sunset,  and  may  be  seen  easily  in  the 
.twilight  on  a  clear  evening,  and  for  perhaps  a  fortnight  before 
time  of  greatest  elongation  it  can  be  seen  under  good  condi- 
tions of  weather.  The  planet's  distance  from  the  Sun  dimin- 
ishes rapidly  after  January  17th  until  it  reaches  conjunction. 
It  then  moves  rapidly  away  from  the  Sun,  and  on  February 
27th  it  attains  greatest  west  elongation,  not  quite  270.  It  may 
for  a  few  days  be  seen  as  a  morning  star,  but  the  conditions  for 
visibility  are  hot  nearly  as  good  as  during  January,  the  maxi- 
mum interval  between  the  rising  of  the  Sun  and  of  the  planet 
being  only  a  few  minutes  more  than  one  hour.  The  greater 
southern  declination  of  the  planet  during  February  more  than 
counterbalances  the  effect  of  the  greater  distance  from  tlie  Sun 
at  that  time.  The  difference  in  distance  is  due  to  the  fact)  that 
the  planet  is  in  perihelion  only  a  week  later  than  the  greatest 
east  elongation  of  January,  and  it  is  in  aphelion  only  nine  days 
after  the  west  elongation  in  February. 

Mercury  while  still  moving  eastward  passes  1  °  47'  south  of 
Saturn  on  January  5th.  Both  planets  are  then  almost  too  near 
the  Sun  to  be  seen  easily,  unless  weather  conditions  are  very 
favorable.  After  both  planets  become  morning  stars  there  is 
another  conjunction  on  February  13th.  There  is  also  a  con- 
junction between  Mercury  and  Venus  on  January  25th,  after 
Mercury  has  begun  to  approach  the  Sim.  Mercury  passing 
30  20'  north  of  Venus. 

Venus  is  now  an  evening  star,  having  passed  inferior  con- 
junction with  the  Sun  late  in  November.  On  January  1st  it 
remains  above  the  horizon  only  half  an  hour  after  sunset;  but 
this  interval  increases  to  a  little  more  than  an  hour  by  the  end 
of  the  month,  and  at  the  end  of  February  it  is  nearly  two  hours. 
On  account  of  its  greater  brightness  Venus  can  be  seen  when 
at  a  much  smaller  distance  from  the  Sun  than  can  Mercury, 
but  it  will  not  be  an  easy  object  during  the  early  davs  of  Jan- 
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uary.  On  the  afternoon  of  January  9th  it  is  in  conjunction 
with  Saturn,  passing  a  little  less  than  i°  south  of  the  latter. 
The  relative  motions  of  Venus,  Mercury,  and  Saturn  during 
the  early  days  of  January  are  very  interesting,  but  the  planets 
are  too  near  the  Sun  for  easy  observation.  On  the  afternoon 
of  January  30th  Venus  is  also  in  conjunction  with  Jupiter, 
passing  to  the  south,  and  still  nearer  than  it  did  to  Saturn, — so 
near  that  both  planets  can  be  seen  together  in  the  field  of  view 
of  a  small  telescope. 

Mars  rises  a  little  before  midnight  on  January  1st,  at  about 
I0h  30111  on  February  1st,  and  before  nine  on  February  28th. 
It  moves  io°  slowly  eastward  and  southward  among  the  stars 
in  the  western  part  of  the  constellation  Virgo  until  February 
15th.  On  that  date  it  becomes  stationary,  and  then  begins 
to  retrograde.  Its  actual  distance  from  the  Earth  in  miles 
diminishes  from  one  hundred  and  seventeen  millions,  on  Jan- 
uary 1st,  to  ninety  millions,  on  February  1st,  and  to  sixty-nine 
millons,  on  March  1st,  and  there  will  be  a  corresponding  in- 
crease in  brightness,  so  that  toward  the  end  of  the  period  the 
planet  will  become  quite  conspicuous  and  the  principal  feature 
of  the  eastern  sky  late  at  night. 

Jupiter  is  an  evening  star  in  January,  and  remains  so  until 
February  19th,  when  it  comes  to  conjunction  with  the  Sun 
and  becomes  a  morning  star.  It  is  far  enough  away  from  the 
Sun  throughout  January  to  be  seen  easily  in  the  evening, 
setting  about  three  hours  after  sunset  on  January  1st.  The 
interval  diminishes  about  one  half  during  the  month,  and  after 
the  first  few  days  of  February  the  distance  between  planet  and 
Sun  becomes  too  small  for  visibility  of  the  planet  after  sunset. 

Saturn  is  also  an  evening  star  on  January  1st,  but  is  much 
nearer  the  Sun  than  is  Jupiter.  It  then  sets  less  than  an  hour 
and  a  half  after  sunset,  and,  being  much  less  bright  than 
Jupiter,  it  will  not  be  a  conspicuous  object.  It  passes  conjunc- 
tion with  the  Sun  on  January  20th,  and  becomes  a  morning 
star.  By  the  end  of  February  it  rises  about  an  hour  and  a  half 
before  sunrise. 

Uranus  is  a  morning  star,  not  far  enough  away  from  the 
Sun  for  naked-eye  view  until  late  in  February. 

Neptune  is  in  the  western  sky  in  the  evening.  It  is  in 
Gemini,  but  too  faint  to  be  seen  without  a  telescope. 
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OBSERVATIONS  OF  THE  TOTAL  ECLIPSE  OF  THE 
MOON,  OCTOBER  16,  1902. 

The  total  lunar  eclipse  of  October  16,  1902,  was  observed 
at  the  Students1  Observatory  of  the  University  of  California, 
by  the  students  in  Practical  Astronomy.  Some  of  these  have 
had  but  little  experience  in  observational  work,  and  their  results 
have  consequently  been  given  smaller  weights.  The  weights 
have  been  assigned  in  a  somewhat  arbitrary  manner,  from  con- 
sideration of  experience  of  the  observers,  instruments  used,  etc. 
The  atmospheric  conditions  were  good.  The  observations  and 
results  are  contained  in  the  following  tabulation. 

Sidney  D.  Townley. 

Total  Eclipse  of   Moon,  1902,  October  16. 
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3 
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NOTICES   FROM   THE   LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


Comet  h  1902  (Perkins). 

This  comet  is  proving  to  be  of  more  than  usual  interest, 
by  reason  of  its  rapidity  of  motion,  its  brightness,  the  long 
duration  of  its  apparition  period,  and  its  close  approach  to  the 
planet  Mercury. 

As  seen  from  the  Earth,  at  the  time  of  discovery,  the  comet 
was  moving  slowly  northward  and  westward,  hut  the  first 
calculation  of  its  orbit  showed  that  its  motion  would  rapidly 
increase  and  that  it  would  pass  within  about  thirty-five  millions 
of  miles  of  the  Earth  on  about  the  8th  of  October,  As  it  was 
also  coming  toward  the  Sun,  its  brightness  would  increase 
rapidly,  reaching  its  maximum  at  the  time  of  nearest  approach 
to  the  Earth,  provided,  that  is,  that  it  was  shining  by  reflected 
sunlight. 

Assuming  that  the  brightness  at  discovery  was  that  of  a 
9th-magnit11.de  star,  its  theoretical  brightness  on  October  8th 
should  have  been  about  that  of  a  5^2 -magnitude  star,  and 
should  then  have  diminished  slowly. 

Observations  made  here  show  that  the  comet  somewhat 
exceeded  its  theoretical  brightness,  being  easily  visible  to  the 
naked  eye  as  early  as  September  24th,  and  that  its  light  did  not 
diminish  as*  fast  in  the  latter  part  of  October  as  the  theory  of 
reflected  light  required.  This  will  appear  from  a  few  estimates 
of  its  brightness  taken  from  my  observing  notes. 


Sept.  24, 


Oct 
I  tet 


3 

14. 
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Comet  as  bright  as  6.  1  magnitude  star  near  south 

following,     Easily  visible  to  naked  eye. 
Comet  fully  as  bright  as  5th  magnitude  star. 
Comet  passed  between  109  and  no  Her  cutis.    Very 
little  fainter  than  these  stars.    Certainly  not  a  half 
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magnitude.     [The  Harvard  Photometry  gives  the 

magnitudes  of  109  and  no  Herculis  as  3.9  and 

4.2,  respectively.] 
Oct.  21.     Comet  near  a  star  5.9  magnitude,  and  is  at  least  a 

magnitude  brighter. 
Oct.  2j.     Comet  fully  as  bright  as  5th  magnitude. 
Nov.    4.     Comet  still  easily  seen  with  naked  eye,  though  very 

low  in  the  sky. 

While  there  is  thus  evidence  that  the  comet's  light  is  not  all 
reflected  light,  there  have  been  so  far  no  erratic  variations  in 
its  brightness  such  as  sometimes  characterize  a  comet  on  its 
approach  to  the  Sun. 

The  comet's  approach  to  the  Earth  is  closer  than  the 
average,  but  not  sufficiently  close  to  be  worthy  of  special 
remark,  but  the  close  approach  that  Mr.  F.  E.  Seagrave  has 
found  it  will  make  to  the  planet  Mercury  on  November  29»30th 
is  most  unusual  and  of  great  interest.  According  to  the  best 
published  ephemeris  of  the  comet,  the  distance  separating  it 
from  the  planet  will  not  greatly  exceed  two  millions  of  miles 
at  the  time  of  closest  approach. 

Professor  Pickering  points  out  that  careful  observations 
made  of  the  comet  after  November  29th  will  afford  the  means 
of  determining  the  effect  of  the  disturbance  of  its  motion  by 
Mercury  with  such  accuracy  that  a  good  value  of  the  mass  of 
planet  may  be  derived.  Unfortunately  the  comet  passes  the 
Sun  on  November  26th,  and  at  the  time  of  nearest  approach  to 
Mercury  it  will  still  be  so  close  to  the  Sun  that  for  a  number 
of  days  accurate  observations  will  be  impossible.  Observers  in 
the  southern  hemisphere,  however,  will  have  a  good  opportunity 
to  secure  observations  later  on — for  not  the  least  remarkable 
feature  of  this  comet  is  the  great  length  of  its  apparent  path 
through  the  sky.  Discovered  in  3h  18111  Right  Ascension,  and 
34°  39'  North  Declination,  it  moved  north  and  west  till  it 
reached  its  maximum  North  Declination  of  570  on  September 
30th.  At  that  time  its  Right  Ascension  was  23h  34™.  Still 
continuing  its  westward  motion,  it  turned  also  toward  the 
south,  and  on  November  4th  was  observed  here  in  i/h  9111  Right 
Ascension  and  — 8  10'  Declination.  According  to  the 
ephemeris  given  by  Stkomgkkn  in  A.  X.  3821,  the  southwest- 
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erly  motion  continues  until  January  19,  1903,  by  which  time 
the  comet's  position  will  be  nh  i8m  Right  Ascension  and  — 460 
27'  Declination.  It  then  turns  to  the  northwest,  and  by  March 
3>  J903>  the  last  date  of  the  ephemeris,  it  has  reached  6*  35m 
Right  Ascension  and  — ii°  Declination.  At  this  time  its 
theoretical  brightness  is  still  0.6  that  at  discovery,  and  there- 
fore it  should  be  easy  to  observe  until  the  end  of  March  at 
least. 

In  view  of  its  close  approach  to  Mercury,  and  of  the  long 
duration  of  visibility  of  the  comet,  it  seemed  desirable  to  have 
a  set  of  elements  that  would  represent  its  motion  with  more 
accuracy  than  could  be  expected  of  the  preliminary  elements. 

I  therefore  computed  a  set  of  parabolic  elements  based  on 
the  discovery  position  and  my  own  observations  made  on 
October  2d  and  November  1st. 

The  elements  had  been  derived  and  an  ephemeris  planned 
when  the  Astronomisclie  Nachrichten  containing  Stromgren's 
ephemeris  reached  me.  For  comparison  I  give  the  two  sets 
of  elements  here : — 

Stromgren.  Aitken. 

T  =  1902,  Nov.  23.88925  M.  T.  Berlin.     Nov.  23.85514  Greenwich  M.  T. 
w  =  1520  57/  28". 2  ^  1520  57'  5°".3) 

O  =    49    21      7    .5  I  I9o2.o  49    21     17    .3  I  1902.0 

1  =  156    21      9   .8)  ,  156    21      5   .1) 

log  q  =  9.603246  9.603212 

Reduced  to  Greenwich  mean. time,  Stromgren's  T  becomes 
Nov.  23.85204.  Evidently  the  two  sets  of  elements  are  so 
nearly  identical  that  it  would  be  waste  of  time  to  compute  an 
ephemeris  from  mine. 

It  is  hoped  that  in  the  next  number  of  these  Publications  we 
may  be  able  to  reproduce  some  of  the  fine  photographs  of  the 
comet  that  have  been  secured  here  by  Mr.  R.  H.  Curtiss. 

November  12,  1902.  R.    G.    AlTKEN. 

Observations  of  5  Equulel 

On  account  of  the  shortness  of  its  periodic  time  and  by 
reason  of  its  forming  a  determinate  connecting  link  between 
the  visual  and  spectroscopic  binaries,  8  Equulei  may  be 
regarded  as  the  most  interesting  of  all  the  double  stars.  The 
early  determinations  of  its  orbit  gave  about  11.45  years  as  the 
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time  of  revolution,  but  the  observations  made  within  the  past 
three  years  show  that  this  value  is  erroneous,  and  they  further 
make  it  evident  that  the  true  period  is  not  far  from  5.7  years. 
This  is  shorter  by  nearly  half  than  that  of  any  other  visual 
double  star. 

The  spectrum  of  8  Equulei  is  not  constantly  the  same. 
There  are  relative  shiftings  of  the  lines  which  make  them 
appear  broader  at  some  epochs  than  at  others.  This  is  due  to 
the  relative  motions  of  the  two  stars.  The  variations  in  the 
spectrum,  so  far  as  they  have  been  observed,  are  perfectly  in 
accord  with  the  short  period  of  5 . 7  years,  but  they  do  not  agree 
at  all  with  the  longer  one. 

The  first  orbits  obtained  for  this  binary,  those  having 
periods  of  about  11.45  years,  are  nearly  circular.  In  deriving 
them  the  computers  assumed  that  the  companion  receded  to 
about  equal  apparent  distances  from  the  principal  star  on 
either  side  of  it,  and  that  the  motion  was  in  a  plane  having,  as 
is  true,  a  very  high  inclination.  The  apparent  ellipse  which 
they  obtained  was  very  elongated,  and  the  principal  star  was 
near  its  center.  This  corresponds  to  a  nearly  circular  orbit, 
and  to  changes  in  the  apparent  distance  which  should  take  place 
very  nearly  in  the  manner  of  simple  harmonic  motion.  The 
observations  secured  since  the  summer  of  1899  show  conclu- 
sively that  the  apparent  distance  does  not  change  in  this  man- 
ner. Between  October,  1899,  ar,d  Jub'«  1(j°°,  the  distance 
decreased  far  more  rapidly  than  was  expected.  On  the  first  of 
these  dates  it  was  about  one  third  of  a  second ;  on  the  last 
Professor  Aitken  found  it  too  small  for  exact  measurement 
with  the  great  refractor.  It  was  then  much  less  than  a  tenth  of 
a  second. 

During  the  summer  of  1901  the  distance  increased  to  about 
o".i5  and  then  decreased  again.  By  the  middle  of  December 
it  had  become  so  small  that  the  star  appeared  nearly  or  quite 
round  even  under  the  most  favorable  conditions.  These  varia- 
tions of  distance,  with  a  maximum  of  about  o".  15  on  one  side 
of  the  principal  star  and  of  about  o".40  on  the  other,  are  fatal 
to  the  old  hypothesis  that  the  period  of  this  pair  is  about  n  .45 
years,  and  they  are  entirely  in  accord  with  the  theory  that  the 
period  is  about  5.7  years. 

My  measures  of  this  pair  to  the  middle  of  August,   1901, 
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are  given  in  Volume  V  of  the  Publications  of  the  Lick  Observa- 
tory. Those  secured  subsequently  are  given  below.  Professor 
Aitken  has  also  measured  this  star  on  some  of  the  same  nights, 
and  when  this  was  done  we  have  taken  the  precautions  men- 
tioned in  his  accompanying  article  to  render  our  results  wholly 
independent.  All  the  measures  have  been  made  with  the 
36-inch  refractor.  The  powers  used  are  indicated  in  the  last 
column.  The  eye-piece  giving  a  power  of  2400  is  the  very 
excellent  one  that  we  constantly  use  on  the  12-inch  telescope, 
where  it  has  a  power  of  somewhat  more  than  600.  A  new 
adapter  was  made  to  enable  us  to  use  it  in  measuring  this  star 
with  the  large  telescope  last  year,  when  the  distance  was  becom- 
ing so  small. 
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With  power  1000  the  image  is  apparently  round. 
With  power  2400  there  appears  to  be  a  very 
slight  elongation  in  the  direction  2000,  but  the 
distance  appears  to  be  not  so  great  as  o".o5. 
Seeing  good. 

With  power  2400  elongation  uncertain.  Distance 
regarded  under  o".o5,  and  certainly  too  small 
to  be  measureable.  Turned  at  once  to  *  Pegasi. 
Its  distance  was  less  than  o.  10,  yet  its  elongation 
was  easily  seen. 
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Mt.  Hamilton,  Nov.  14,  1902. 
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Further  Measures  of  8  Equulej%  OS  535. 

In  a  note  on  this  interesting  binary  star  published  in  number 
79  of  these  Publications,  I  gave  two  measures  made  in  May, 
1901,  which  showed  that  the  distance  between  its  two  com- 
ponents was  increasing,  after  the  close  approach  observed  in 
the  autumn  months  of  1900.  The  pair  was  closely  followed  by 
Professor  Hussey  and  myself  until  December  19th  of  last  year, 
and  our  observations  left  no  doubt  of  the  fact  that  the  distance 
between  the  components  reached  a  maximum  value  of  about 
o".i5  in  June,  1901,  and  then  slowly  diminished  until  in 
November  and  December  it  was  so  small  that  the  combined 
disk  gave  only  the  slightest  indication  of  elongation  when 
examined  with  the  highest-power  eye-pieces  of  the  36-inch 
telescope. 

My  first  opportunity  to  observe  the  star  this  year  under 
fairly  good  conditions  came  on  morning  of  June  8th.  At  that 
time  it  was  certain  that  the  image  was  elongated,  though  the 
distance  was  too  small  to  make  the  measure  of  the  direction  of 
elongation  very  accurate.  Since  that  date  Professor  Hussey 
and  I  have  measured  the  pair  on  a  number  of  nights,  and  have 
found  the  distance  to  be  increasing  until  it  has  become  a  fairly 
easy  pair  to  observe  with  the  36-inch  on  good  nights.  At  the 
time  of  my  last  observation  the  two  components  were  distinctly 
separated  at  moments,  and  the  distance  between  their  centers 
was  certainly  as  great  as  o".i5. 

My  observations  to  October  31,  1901,  have  been  published 
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On  the  three  nights  in  1901,  Professor  Hussey  was  with 
me.  We  examined  y  Equulei  immediately  after  making  our 
measures  on  the  second  night.  Its  image  was  perfectly  round 
at  the  best  moments,  and  when  distorted  by  atmospheric  dis- 
turbances, the  slight  apparent  elongation  was  nearly  perpen- 
dicular to  the  position-angle  measured  for  8  Equulei.  On  the 
third  night,  after  examining  8  Equulei,  we  turned  at  once  to 
#c  Pegasi.  The  elongation  in  this  pair  was  unmistakable, 
though,  from  measures  made  here  and  elsewhere,  it  is  certain 
that  the  distance  was  not  over  o".o8.  On  these  nights  as  on 
the  others  when  we  examined  this  star  together,  we  used  every 
precaution  to  make  our  work  independent.  When  measures 
were  made,  one  would  make  the  settings,  the  other  read  the 
circle  and  record,  so  that  the  observer  could  know  nothing 
about  his  measures  till  they  were  completed  and  on  record.  On 
several  nights  a  third  person  read  the  circle  and  recorded  for 
both  observers. 

From  the  observations  made  here  since  the  summer  of 
1899,  it  is  safe  to  conclude  that  the  revolution  period  of  5.7 
years  which  Professor  Hussey  found  from  his  study  of  the 
orbit,  is  very  close  to  the  truth.  It  also  appears  that  the  plane 
of  the  orbit  is  not  exactly  in  the  line  of  sight,  but  that  the 
apparent  motion  is  in  a  very  narrow  ellipse.  The  inclination 
of  the  orbit  plane  probably  is  as  great  as  8o°,  but  to  determine 
this  and  the  remaining  elements  of  the  orbit  with  precision  will 
require  careful  and  continuous  measures  during  the  next  three 

>crrs-  R.  G.  Aitken. 

November  13,  1902. 

The  Leonids  of  1902. 

Watch  for  Leonids  was  kept  by  the  writer  during  the 
nights  of  November  14th  and  15th,  a  total  number  of  nineteen 
being  seen  on  the  first  night  and  twenty-nine  on  the  second. 
Except  for  the  moonlight,  the  general  conditions  were  very 
favorable.  A  few  light  clouds  came  over  at  times,  but  they 
were  not  enough  to  affect  seriously  the  count  of  meteors.  The 
observer's  attention  was  fixed  on  the  Sickle,  and  all  meteors 
which  certainly  emanated  from  the  radiant  were  counted  as 
Leonids,  doubtful  cases  being  classed  with  those  which  were 
surely    not    Leonids.      In    brightness,    the    Leonids   observed 
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ranged  from  one  which  was  equal  to  Sirius  to  some  of  the 
fifth  magnitude.  Six  or  eight  were  as  bright  as  Regulus.  Of 
those  which  were  seen  at  a  distance  of  say  thirty  degrees  or 
more  from  the  radiant,  nearly  all  must  have  been  at  least  as 
bright  as  the  third  magnitude. 

Following  are  the  data  of  the  observations : — 


Astronomi- 
cal Date. 

Pacific  Standard  Time. 

Leonids. 

2 

Other 
Meteors. 

5 

Remarks. 

I902. 

Nov.  14 . 

i3hoi"  to  i4hoom 

14  00        15  00 

5 

3 

Clouded  overeat  15b  00a 

15  33         16  00 

16  00         16  30 

3 
3 

4 
1 

Perfectly  clear. 

16  30         17  00 

17  00         17  30 

2 
4 

19 

2 
3 

18 

Sky  7/10  cloudy  at  16k  30a 
Clear  again  in  five  min- 
utes. 

Total  in    3*  s6n 

Nov.  15. 

13  °9         13  30 
13  30         14  00 

1 

1 

0 
0 

Li^ht  clouds  at  times  dur- 
ing the  night,  but  they 
did  not  interfere. 

14  00         14  30 

0 

2 

14  30         15  00 

3 

0 

15  00         15  30 

0 

0 

15  30         16  00 

6 

1 

16  00         16  30 

7 

0 

16  30         17  00 

8 

0 

17  00         17  30 

3 

0 

Clouded  over  at  i;h  30m 

Total  in    4h  2im 

29 

3 

The  relatively  large  number  of  other  meteors  on  the  first 
night  was  not  due  to  the  inclusion  of  doubtful  eases.  The 
observing  conditions  were  the  same  on  both  nights.  From  the 
roof  of  the  main  building  there  was  an  unobstructed  view  of 
the  sky  from  the  zenith  to  the  eastern  horizon.  As  much  of 
the  space  around  the  radiant  was  covered  as  the  eye  can  take 
in  at  one  time.  Jokl  Stkbbins. 


An  Unisial  Tkjplk  Star. 

In  the  latter  part  of  September  I  discovered  a  triple  star 
which  is  unlike  any  other  that  I  have  seen.  The  differences 
in  the  magnitudes  of  the  three  stars  are  not  very  great  and  the 
configuration  is  that  of  an  almost  perfect  equilateral  triangle. 
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The  means  of  the  measures  of  distance  on  two  nights  with  the 
36-inch  telescope  are  as  follows : — 

A  B  1". 55. 

B  C  1". 47. 

C  A  1". 61. 

Such  triples,  had  we  more  of  them,  affording  a  gradation 
of  distances  from  those  which  are  very  small  to  those  which 
amount  to  several  seconds  of  arc,  would  enable  investigations 
relating  to  the  personal  errors  in  the  measurement  of  position- 
angle  to  be  undertaken  with  a  promise  of  reaching  more  con- 
clusive results  than  have  characterized  such  investigations  in 
the  past. 

This  star  is  D.  M.  +  490  95.  Its  position,  derived  from  the 
Bonn  A.  G.  Catalogue,  where  its  magnitude  is  given  as  8.9, 
is  as  follows : — 

R.  A.  =  oh  22m  218. 14.      ) 

Decl.  =  +  49°  28'  10". 9.  )  I9°°'a 

W.  J.  Hussey. 

Eclipse  of  the  First  Moon  of  Jupiter. 

[Dr.  E.  S.  Holden  has  kindly  sent  us  the  following  letter 
received  by  him,  as  it  will  be  of  general  interest. — Publication 
Committee.] 

St.  Louis,  Mo.,  Oct.  21,  1902. 

Dear  Sir: — The  transits  of  the  moons  and  their  shadows 
across  the  disk  of  the  planet  Jupiter  have  always  been  inter- 
esting phenomena  to  me,  and  I  frequently  watch  them  when 
the  atmosphere  of  smoky  St.  Louis  will  permit. 

On  examination  of  the  ephemeris  a  few  days  ago,  I  found 
that  the  shadows  of  the  moons  I  and  III  would  both  be  visible 
on  the  evening  of  October  19th.  Going  to  my  observatory  on 
this  date,  and  bringing  Jupiter  into  the  field  of  my  6j4-inch 
I  found  both  shadows  on  the  disk. 

As  the  position  of  shadows  indicated  that  I  appeared  on  the 
disk  last,  and  further  examination  of  the  almanac  showed  it 
would  pass  off  first,  I  was  interested  to  know  just  how,  or  in 
what  position  the  shadows  would  be  in  when  passing  each 
other.  After  waiting  some  seventy  minutes  the  shadow  of  I 
merged  with  shadow  of  III,  and  at  last  became  lost  to  view, 
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although  the  indications  were  that  it  would  pass  slightly 
below  the  shadow  of  III ;  but  owing  to  bad  atmosphere  this 
could  not  be  definitely  determined  by  observation  of  the 
shadows.  In  the  mean  time  I  had  called  my  son's  attention  to 
the  passing  show  in  order  to  verify  the  question.  We  now 
turned  our  attention  to  the  moons,  and  found  that  previous 
to  the  shadow  contact  moon  I  was  bright,  but  when  we  lost  the 
shadow  we  found  that  the  moon  was  losing  light  rapidly,  and 
at  8 130  the  moon  became  a  very  faint  point  of  light,  showing 
conclusively  that  we  had  observed  a  partial  eclipse  of  moon  I 
in  the  shadow  of  moon  III. 

I  might  add  that  moons  II,  III,  and  IV  remained  bright  all 
this  time  and  that  moon  I  regained  its  brightness  about  8 :4c 

The  eclipse  was  of  very  short  duration  at  best,  and  not  hav- 
ing been  fortunate  enough  to  observe  one  previous  to  this 
time  I  write  this  for  the  benefit  of  others  who  may  be  interested 
and  ask  if  it  be  an  unusual  occurrence  in  so  far  as  being 
observed  frequently.  Yours  truly, 

3021  Eads  Avenue.  L.  Bartlett, 
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Members  and  friends  of  the  Society  are  invited  to  aid  the  Committee  on  Publication 
in  the  work  of  this  department.  Communications  to  this  end  may  be  sent  to  Frank 
Schlksinger,  International  Latitude  Observatory,  Ukiah,  California. 


Co-operation  in  Linc-of-Sight  Observations. — The  Tiumber 
of  astronomical  enterprises  calling  for  the  co-operation  of  sev- 
eral observatories  or  observers  is  steadily  increasing.  The  latest 
addition  to  the  list  relates  to  the  determination  of  velocities  in 
the  line  of  sight  with  the  spectroscope.  It  has  been  recognized 
for  some  time  that  observations  of  this  kind  may  be  subject  to 
considerable  systematic  errors.  In  the  case  of  variable  velocity 
in  the  line  of  sight,  for  example,  no  safe  conclusions  can  be 
drawn  from  the  results  given  by  different  observers  unless 
allowance  is  made  for  systematic  differences.  An  obvious  safe- 
guard is  for  each  observer  to  test  his  instrument  by  observing 
some  body,  like  the  Moon  or  the  planets,  whose  velocity  is 
well  known  in  advance.  Such  tests  have  occasionally  been 
made  in  the  past  by  observers  with  the  spectroscope,  but  per- 
haps not  so  often  as  would  seem  desirable.  In  other  kinds  of 
"  observations  of  position,"  with  the  heliometer,  for  example, 
the  observer  who  aims  at  the  highest  precision  spends  a 
considerable  fraction  of  each  night  in  controlling  the  adjust- 
ment of  his  instrument.  Great  care  is  no  less  necessary  with 
the  spectroscope,  especially  since  experience  has  shown  that  an 
instrument  ordinarily  capable  of  determining  velocities  with  a 
probable  error  well  under  one  kilometer  may,  for  one  reason  or 
another,  occasionally  become  deranged  so  as  to  yield  velocities 
ten  kilometers  in  error. 

Professor  E.  B.  Frost,  of  the  Yerkes  Observatory,  has  just 
proposed  a„  plan  for  the  investigation  of  systematic  errors 
which  in  all  likelihood  is  destined  to  be  of  much  importance  in 
the  history  of  the  subject.  The  observatories  at  Potsdam,  Poul- 
kova,  Meudon,  Cape  of  Good  Hope,  Cambridge  (England), 
the  McMillin  (Ohio),  the  Yerkes,  and  the  Lick  are  represented 
in  the  scheme,  so  that  all  the  observers  at  present  engaged  in 
this  kind  of  work  will  take  part.  Ten  stars,  to  be  known  as 
"  fundamental  velocity  stars,"  are  to  be  observed  at  least  three 
times  a  year  by  each  observer,  and  the  results  are  to  be  promptly 
published,  together  with  all  collateral  data.  The  selected  stars 
are  well  distributed  in  Right  Ascension  and  in  Declination ;  they 
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range  four  magnitudes  in  brightness,  and  the  spectral  types  also 
differ  somewhat.  Known  spectroscopic  binaries,  with  one 
exception,  have  been  excluded  from  the  list.  This  plan  is 
regarded  as  a  preliminary  one.  "  It  is  to  be  hoped,"  writes  the 
proposer,  "  that  the  experience  of  this  simple  plan  of  coopera- 
tion may  be  satisfactory  enough  to  lead  to  its  further  develop- 
ment in  the  future." 


The  Parallax  of  the  Sun  from  Spectroscopic  Observations. 
— It  is  a  fascinating  thought  that  the  parallax  of  the  Sun  can 
be  determined  by  means  of  the  spectroscope.  In  order  to 
compute  the  linear  velocity  of  the  Earth  in  its  orbit  we  must 
first  know  the  distance  of  the  Sun.  Conversely,  if  we  measure 
the  Earth's  velocity,  we  can  compute  the  Sun's  distance  (and 
therefore  its  parallax)  from  the  equation : — 

The  Sun's  mean  distance  =  the  Earth's  mean  velocity 

X  a  constant. 

This  constant  is  known  with  extreme  accuracy.  Now,  if  any 
star  near  the  zodiac  be  observed  with  the  spectroscope  at  the 
two  seasons  when  its  longitude  differs  from  that  of  the  Sun 
by  900,  we  can  deduce  not  only  the  velocity  of  the  star  in  the 
line  of  sight,  but  the  mean  velocity  of  the  Earth  in  its  orbit  as 
well.  These  ideas  have  no  doubt  been  entertained  by  spectro- 
scopists  ever  since  the  practical  demonstration  of  the  soundness 
of  Dopplek's  principle,  but  they  have  not  been  put  into  effect 
because  until  quite  recently  it  has  not  been  possible  to  make 
the  observations  with  sufficient  accuracy.  In  connection  with 
the  plan  of  co-operation  which  is  the  subject  of  the  preced- 
ing note,  Sir  David  (Jill,  Director  of  the  Cape  of  Good 
Hope  Observatory,  has  thrown  out  the  suggestion  that, 
"  at  each  observatory  some  star  should  be  selected  to  be 
observed  nearly  throughout  the  whole  year,  so  as  to  determine 
the  mean  velocity  of  the  Earth's  motion  independently 
by  spectroscopic  means — in  other  words,  to  determine  the 
solar  parallax  by  spectroscopic  methods.  This  should  give  us 
a  tolerably  sound  measurement  of  the  fundamental  accuracy 
of  our  work."  It  is  to  be  hoped  that  this  suggestion  will  be 
generally  adopted.  It  is  not  impossible  that  the  result  of  such 
observations  would  be  valuable  as  a  contribution  to  our  knowl- 
edge of  the  Sun's  distance  as  well  as  for  the  reason  given  by 
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Sir  David  Gill.  Two  observations,  taken  at  two  opposite 
seasons,  of  a  properly  chosen  star,  will  differ  by  as  much  as 
59.7  kilometers  per  second  on  account  of  the  Earth's  motion. 
Several  spectroscopes  have  at  the  present  time  reached  or  sur- 
passed an  accuracy  corresponding  to  a  probable  error  of  half 
a  kilometer  for  a  single  determination  of  a  velocity.  This  means 
that  in  order  to  reduce  the  probable  error  of  the  Sun's  parallax 
to  o".oi  about  two  hundred  observations  would  be  necessary. 
As  these  observations  would  be  distributed  among  several 
observatories,  the  expectation  would  perhaps  not  be  unwar- 
ranted that  systematic  errors  would  not  greatly  influence  the 
result,  especially  when  it  is  remembered  that  the  observations 
are  differential,  and  that  any  error  which  is  constant  for  a 
given  star  would  not  affect  the  result.  Furthermore,  special 
precautions  like  the  following  might  be  adopted  for  this  work : 

( 1 )  The  star  to  be  observed  should  have  a  longitude  near  six 
hours  or  eighteen  hours  in  order  that  in  the  spring  and  in  the 
fall  its  longitude  will  differ  from  that  of  the  Sun  by  900.  In 
this  way  observations  at  extreme  temperatures  may  be  avoided. 

(2)  Without  being  too  far  from  the  zodiac  the  star  should  have 
such  a  declination  as  to  pass  near  the  zenith.  (3)  The  star 
should  have  the  best  kind  of  spectrum  for  this  work 
(Secchi's  Type  II).  (4)  As  bright  a  star  as  possible  should 
be  chosen  in  order  to  make  the  exposures  short.  (5)  The  star 
should  always  be  observed  at  nearly  the  same  hour-angle,  and 
therefore  at  nearly  the  same  zenith-distance. 


Change  in  the  Spectrum  of  Nova  Persei. — Nova  Persei  has 
steadily  diminished  in  brightness,  until  now  it  is  fainter  than 
the  ninth  magnitude;  that  is,  it  emits  less  than  the  one  four- 
thousandth  part  of  its  light  at  the  height  of  its  glory,  in 
February,  1901.  Ordinary  spectroscopic  observations  upon 
such  an  object  are,  of  course,  extremely  difficult,  but  Professor 
Barnard  of  the  Yerkes  Observatory  was  able  to  show  in  a 
simple  and  ingenious  way  that  the  spectrum  had  undergone  an 
important  change  toward  the  beginning  of  October.  Up  to  that 
time  repeated  examinations  of  the  focal-scale  attached  to  the 
great  40-inch  telescope  showed  no  difference  between  the  Nova 
and  an  ordinary  star.  But  on  October  6th,  and  some  succeed- 
ing dates,  Professor  Barnard  found  that  the  focal  length  was 
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five  or  six  millimeters  longer  for  the  Nova  than  for  other  faint 
stars.  At  the  same  time  he  noted  a  change  in  color  from  white 
to  bluish-white.  Professor  Barnard  was  led  to  make  these 
observations  by  his  earlier  work  on  planetary  nebulae,  which 
the  Nova  much  resembles.  It  was  in  their  case  that  he  first 
noticed  a  measurable  difference  in  focus  as  compared  with 
the  majority  of  stars.  The  theory  of  this  difference  is  quite 
simple,  arising  from  the  imperfect  achromatism  of  the  objec- 
tive. If  we  should  focus  in  succession  upon  luminous  objects 
emitting  monochromatic  light,  we  should  find  a  regular  and 
gradual  change  in  focal  length  as  we  pass  from  one  color  to 
its  neighbor  in  the  spectrum.  Of  course,  such  a  change  in  focus 
is  not  appreciable  in  a  small  telescope.  The  Yerkes  telescope 
has  a  focal  length  of  62  feet,  and  is  therefore  pre-eminently 
fit  for  such  observations. 


On  November  29th,  Comet  1902  b  (Perrine)  passed  within 
two  million  miles  of  Mercury.  As  the  perturbation  of  the 
comet  is  comparatively  great  at  such  a  small  distance,  it  is  not 
improbable  that  a  thorough  discussion  of  the  comet's  orbit  will 
throw  additional  light  on  the  question  of  Mercury's  mass.  This 
quantity  is  at  present  quite  indeterminate,  more  so  than  the 
mass  of  any  other  planet.  A  change  of  twenty  or  thirty  per 
cent  from  the  usually  adopted  value  is  not  impossible.  Obser- 
vations of  this  comet  therefore  assume  unusual  importance. 


])r.  Carl  W.  Wirtz  has  carried  out  an  extensive  triangu- 
iation  of  the  IJyadcs  with  the  six-inch  heliometer  at  the  Bonn 
Observatory.  This  instrument  was  made  by  Merz  and 
Mauler  sixty  years  ago.  The  triangulation  includes  sixty- 
nine  stars  and  extends  over  the  well-known  Y  in  Taurus  and 
over  an  equal  portion  of  the  sky  immediately  south.  The  whole 
area  included  is  about  eighteen  square  degrees,  and  it  is  the 
greatest  single  area  ever  triangulated.  The  reason  for  extend- 
ing the  work  to  such  limits  is  found  in  the  community  of  proper 
motion  which  attaches  to  nearly  all  the  stars  in  the  region.  Dr. 
Wirtz's  work  will,  after  the  lapse  of  some  years,  no  doubt 
occupy  the  same  relation  to  this  group  as  Bksskl's  work  does 
to  the  Pleiades,  or  \Yinm:c  ke's  to  Prase pe. 
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Professor  Wilhelm  Foerster,  Director  of  the  Royal 
Observatory  at  Berlin,  announces  his  intention  of  retiring  next 
year.  He  will,  however,  still  retain  his  professorship  in  the 
university. 


The  authorities  of  Williams  College,  Williamstown,  Mass., 
have  named  Professor  Milham  as  successor  to  the  late  Pro- 
fessor Safford  in  the  directorship  of  the  Field  Memorial 
Observatory  at  that  institution. 


Dr.  Russell  Tracy  Crawford  has  resigned  his  place  in 
the  Berkeley  Astronomical  Department  of  the  University  of 
California,  to  accept  a  position  on  the  examining  force  of  the 
United  States  Civil  Service  Commission. 


A  brother  of  Director  Van  Vleck,  of  the  Wesleyan  Uni- 
versity Observatory,  at  Middletown,  Conn.,  has  given  the  sum 
of  $40,000  to  the  university  for  the  erection  of  a  new  observ- 
atorv. 


Alexander  Kowalski,  astronomer  at  the  Poulkova  Observ- 
atory, died  on  July  6th  last,  at  the  age  of  forty-four  years.  He 
was  born  at  Kasan,  where  his  father  was  director  of  the 
observatory  of  that  city.  Alexander  Kowalski  had  been 
connected  with  the  Kasan  Observatory  from  1882  to  1894,  at 
which  latter  date  he  accepted  a  call  to  Poulkova.  At  Kasan 
he  took  part  in  the  observations  for  the  Astronomische 
Gesellschaft  Catalogue  of  Stars  (Zone  750  to  8o°),  in  observa- 
tions with  the  prime-vertical,  and  in  the  latitude-variation  work. 
At  Poulkova  he  was  chiefly  concerned  with  a  new  catalogue 
of  1000  stars  which  has  just  been  completed.  This  catalogue 
is  the  first,  we  believe,  to  be  based  upon  observations  with  the 
registering  micrometer. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors. 

held     in    the     rooms     of    the    society, 

November  29,  1902,  at  7:30  p.m. 

President  Perrine  presided.  A  quorum  was  present.  The  min- 
utes of  the  last  meeting  were  approved.  The  following  members  were 
duly  elected : — 

List  of  Members  Elected  November  29,  1902. 

Mrs.  A.  N.  Belcher 1298  Van  Ness  Ave.,  S.  F.,  Cal. 

Mr.  Wm.  H.  Smyth 101  Sansome  St. ,  S.  F.,  Cal. 

to  take  effect  January  1,  1903. 

It  was,  upon  motion, 

Resolved,  That  the  Librarian  be  instructed  to  have  prepared  a  manuscript  catalogue 
of  the  books  in  the  Library,  and  that  an  expenditure  of  not  to  exceed  $50,  from  the  interest 
of  the  Montgomery  Library  Fund,  be  authorized  for  that  purpose. 

The  report  of  the  Committee  on  Membership  was  accepted,  and  the 
Committee,  consisting  of  Messrs.  Chas.  S.  Cushing  (Chairman),  Chas. 
Burckhalter,  and  Armin  O.  Leuschner,  was  authorized  to  proceed 
with  the  carrying  out  of  its  recommendations. 

The  Secretary  was  authorized  to  furnish  to  the  members  of  the 
Publication  Committee,  for  reference  purposes  and  as  a  loan,  such  copies 
of  the  back  numbers  of  the  Publications  as  they  may  need  to  complete 
their  sets. 

Adjourned. 
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Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the    Pacific,   held  in  the    Lecture   Hall  of 

the     California    Academy   of    Sciences, 

November  29,  1902,  at  8  o'clock  p.  m. 

The  meeting  was  called  to  order  by  President  Perrine.  A  quorum 
was  present.  The  minutes  of  the  last  meeting  were  approved.  The 
Secretary  read  the  names  of  new  members  elected. 

The  following  papers  were  presented  : — 

The  longitudinal  Aberration  of  a  Parabolic  Mirror,  by  Professor  W.  J.  Hussky. 
Observations  of  the  Eclipsed  Moon,  by  Miss  Rose  O'Halloran. 
Planetary  Phenomena  for  January  and  February,  1903,  by  Professor  M   McNeill. 
Observations  of  the  Total  Eclipse  of  the  Moon,  by  Dr.  S.  D.  Townley. 

The  Chairman  then  introduced  the  lecturer  of  the  evening,  Professor 
W.  J.  Hussey,  Astronomer  at  the  Lick  Observatory.  The  subject  of  the 
lecture  was  "  Recent  Progress  in  Double-Star  Astronomy."  After  giving 
a  short  historical  sketch  of  this  branch  of  the  science,  Professor  Hussey 
presented  in  tabular  form  the  results  obtained  by  all  observers,  from  the 
first  observations  by  Herschel  down  to  those  of  the  present  year,  and 
impressed  his  interested  audience  with  the  great  difficulties  encountered 
in  obtaining  accurate  measures  of  close  pairs  of  double  stars.  After 
exhibiting  a  number  of  slides  of 'double-star  orbits  and  of  astronomical 
objects  the  lecturer  answered  various  questions  put  by  members  of  the 
Society. 

The  meeting  then  adjourned. 
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Committee  on  Publication — Messrs.  Aitken,  Galloway,  Schlbsingbr. 
Library  Committee — Mr.  Townlbv,  Miss  O'Hallokan,  Mr.  Branch. 
Committee  on  the  Comet- Medal—  Messrs.  Campbell  {eX'O0icio)%  Pibrson,  Burckhaltbr. 

OFFICERS  OF  THE  CHICAGO  SECTION. 
Executive  Committee — Mr.  Ruthvbn  W.   Pike. 

OFFICERS  OF  THE  MEXICAN  SECTION. 

Executive  Committee— Mr.  Felipe  Vallk. 


NOTICE. 

The  attention  of  new  members  is  called  to  Article  VIII  of  the  By-Laws,  which  provides 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only.  Subsequent 
annual  payments  are  due  on  January  ist  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible.  Dues  sent  by  mail 
should  be  directed  to  Astronomical  Society  of  the  Pacific,  819  Market  Street,  San  Francisco. 

It  is  intended  that  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  he  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  in  this  matter,  it  is  requested  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Publications  of  the  Society  as  sent  to 
them.  Once  each  year  a  title-page  and  contents  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
is  sufficient,  on  the  pa>  merit  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  States  can  obtain  books  from  the  Society's  library 
bv  sending  his  library  card  with  ten  cents  in  stamps  to  the  Secretary  A.  S.  P.,  819  Market 
Street,  San  Fratu  isco,  who  will  return  I  lie  hook  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  art- 
printed  in  the  Publication^  is  decided  simply  by  convenience.  In  a  general  way,  those 
p  'jxas  areprintcd  first  which  are  earliest  at  opt.  d  for  publication.  It  is  not  possible  to 
send  prool  sheets  of  papers  to  be  printed  to  authors  \vh  -e  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  as-uim-tl  by  the  Society  itself. 

The  titles  of  papers  tor  reading  should  becommunicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  w  ill 
send  to  any  rneml>er  ol  the  Society  suitable  stationers,  stamped  with  the  seal  ot  the 
Soi  icty,  at  cost  price,  as  follows:  a  block  of  letter  paper,  10  nuts;  of  note  paper,  2s  cents; 
a  package  of  envelopes.  25  cents.  These  pri<  es  in>  hide  postage,  and  should  be  remitted 
by  money-order  or  in  l.I.  S.  postage  stamps.     Thescndings  are  at  the  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  "The  Secretary  Astronomical  Society  of  the  Pacific  " ' 
at  the  rooms  of  the  Society,  Kw  Market  Street,  San  Fiancisco,  in  order  that  arrangements 
maybe  made  for  transportation,  lodging,  etc. 
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THE   TOTAL   LIGHT   OF   THE    STARS. 


By  Sidney  D.  Townley. 


While  engaged  in  photometric  work  at  the  Lick  Observa- 
tory during  the  past  summer,  a  few  experiments  were  made 
to  determine  the  amount  of  light  received  from  the  sky  at  night 
when  the  Moon  is  not  shining.  This  work  was  undertaken  at 
the  request  of  Director  Campbell,  to  whom  the  problem  was 
suggested  by  Professor  Nevvcomb.  This  problem  is  one  to 
which  very  little  attention  has  been  given,  but  it  is  nevertheless 
one  of  considerable  importance,  because  it  has  a  direct  bearing 
upon  the  theories  of  the  structure  of  the  universe.  The  prob- 
lem of  the  structure  of  the  universe,  after  having  lain  dormant 
for  nearly  a  century,  is  now  again  commanding  the  attention 
of  investigators. 

Both  visual  and  photographic  methods  are  applicable  to 
the  determination  of  the  total  amount  of  light  received  from 
the  sky,  and  Professor  Nevvcomb  has  already  employed  some 
of  the  visual  methods,  the  results  of  which  were  printed  in 
the  Astro  physical  Journal  (December,  1901).  The  problem 
may  be  divided  into  two  parts :  first,  to  determine  the  relative 
brightness  of  different  portions  of  the  sky ;  and  second,  to 
determine,  in  terms  of  star-brightness,  the  amount  of  light  re- 
ceived from  a  unit  of  sky-surface  in  one  or  more  regions  of  the 
sky.  Professor  Xewcomb's  experiments  were  performed  while 
spending  a  summer  vacation  in  the  country,  where  he  had  at 
his  disposal  only  some  very  crude  pieces  of  apparatus.  Several 
methods,  which  I  will  not  stop  to  describe,  were  used  by  him 
to  determine  the  relative  brightness  of  different  portions  of 
the  sky,  the  conclusion  being  that  the  illumination  of  the  Galaxy 
is  about  twice  that  of  other  portions  of  the  sky.  To  solve  the 
second  part  of  the  problem,  Professor  Newcomb  used  a  concave 
spectacle-lens  to  spread  out  the  light  of  a  star,  and  then  com- 
pared this  image,  reduced  by  means  of  dark  glass,  with  an 
equal  area  of  neighboring  sky.  Various  stars  were  tried,  and 
it  was  found  that  with  the  particular  lens  and  absorbing-glass 
used  the  spread-out  image  of  a  Pegasi  was  equal  in  brightness 
to  the  neighboring  sky.  It  will  perhaps  be  sufficient  to  give 
the  results  of  these  observations,  without  going  into  the  details 
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of  the  reductions.  The  result  is  that  a  circle  of  non-galactic  sky 
one  degree  in  diameter  gives  0.9  the  light  of  a  star  of  the  fifth 
magnitude. 

My  efforts  were  directed  almost  exclusively  to  perfecting  a 
photographic  method.  The  results  obtained  are  meager,  but 
it  is  believed  that  a  reliable  method  has  been  found. 

As  the  light  of  the  sky  cannot  be  concentrated  at  a  point, 
we  must,  if  we  wish  to  get  its  value  in  terms  of  the  light  of  a 
star  of  a  certain  magnitude,  take  some  means  to  spread  out  the 
light  of  the  star.  It  was  at  first  thought  that  this  might  be 
accomplished  by  inserting  a  photographic  plate  a  few  inches 
behind  the  focus  of  a  photographic  telescope.  The  Crocker 
telescope  (6  inches  aperture  and  33  inches  focus)  was  first  used 
for  this  purpose.  A  rapid  plate  (Cramer  Crown)  was  exposed 
for  one  hour  on  Vega,  about  25  centimeters  out  of  focus.  An 
impression  1.9  centimeters  in  diameter  was  formed  on  the  plate, 
but  it  was  found  that  the  light  was  very  unevenly  distributed. 
The  impression  was  made  up  of  small  dark  granules  surround- 
ed by  lighter  circles.  A  straight  "gash"  ran  nearly  across  the 
center  of  the  circle,  and  there  were  also  several  smaller  curved 
"  gashes."  A  second  plate  showed  exactly  the  same  pattern, 
which  is  due,  I  suppose,  to  lack  of  homogeneity  in  the  glass  of 
the  lenses.  Similar  tests  with  another  lens  gave  somewhat  bet- 
ter results,  but  not  sufficiently  good  for  the  purpose.  This 
method  had  therefore  to  be  abandoned. 

The  next  method  tried,  and  the  one  adopted,  is  indeed  verv 
simple.  P>oth  lenses  were  removed  from  the  Crocker  photo- 
graphic telescope,  and  several  cardboard  diaphragms  were  made 
so  that  they  could  be  attached  to  the  end  of  the  telescope-tube. 
An  exposure  of  one  hour  was  made  upon  Vci^ii  with  an  aperture 
of  three  centimeters,  and  the  result  was.  of  course,  an  impres- 
sion on  the  plate  of  the  size  and  form  o\  the  aperture.  Ex- 
posures were  then  made  upon  the  sky  for  equivalent  lengths  of 
time,  with  apertures  ranging  from  10  to  15  centimeters.  The 
result  should  he  a  nearly  uniform  darkening  all  over  the  plate. 
which  would  receive  light  from  an  area  of  the  skv  the  diameter 
of  which  would  depend  upon  the  aperture  u<e<l  and  the  distance 
of  the  plate  from  the  aperture.  If  the  darkening  of  one  of 
these  plates  should  he  of  the  same  intensity  a>  the  impression 
made  by  1 1  u  light  of  J'r^a,  then  we  would  have  the  vcrv  simple 
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relation, — the  light  received  from  an  area  of  sky  x  degrees  in 
diameter  is  equal  in  actinic  intensity  to  the  light  received  from 
Vega.  After  a  few  experiments,  it  was  seen  that  the  time 
necessary  to  get  a  set  of  plates — about  five  hours — could  be 
greatly  reduced  and  the  effect  of  changing  atmospheric  absorp- 
tion avoided  by  making  all  of  the  exposures  on  the  sky  at  the 
same  time.  This  was  accomplished  by  mounting  four  camera- 
boxes,  simply  aperture  and  plate-holders,  upon  a. polar  axis 
made  of  a  piece  of  wood  4X4  inches.  In  the  very  limited 
length  of  time  which  I  had  to  devote  to  this  work  it  was  possible 
to  obtain  only  a  few  sets  of  plates.  All  the  plates  of  each  set 
were,  of  course,  developed  at  the  same  time  in  a  large  tray.  In 
the  exposures  a  portion  of  each  plate  was  left  covered  by  the 
slide  in  order  to  measure  the  effect  of  any  chemical  fog  which 
might  appear  in  the  development.  Several  regions  of  the  sky 
were  used,  and  two  stars,  Vega  and  A  returns.  As  Arcturus  is 
a  yellow  star,  only  a  very  faint  impression  was  obtained  with  a 
one-hour  exposure ;  and  as  extreme  development  was  necessary 
to  bring  out  anything,  the  plates  are  not  to  be  relied  upon. 

The  intensity  of  the  various  plates  has  been  measured  by 
means  of  an  excellent  Lummer-Brodhun  photometer,  kindly 
placed  at  my  disposal  by  the  Department  of  Physics  of  the 
University  of  California.  It  seems  hardly  necessary  to  go 
into  details  of  these  measurements.  Two  sets  of  plates  give, 
I  believe,  reliable  results,  but  I  am  looking  upon  them  all  as 
merely  experimental,  and  hope  to  continue  the  work  next  sum- 
mer. In  the  first  of  these  sets  four  simultaneous  exposures  of 
an  hour  were  made  upon  the  region  of  sky  about  half-way . 
between  y  Pegasi  and  )3  Ceti, — that  is,  about  400  south  galactic 
latitude.  The  angular  apertures  used  were  50  28\6,  6°  36^.9, 
70  i6'.4,  8°  2'.6,  and  Vega  was  the  comparison-star.  The  photo- 
metric measurements  show  the  darkening  of  the  film  due  to  the 
light  of  Vega  to  be  exactly  equivalent  to  the  darkening  upon  the 
third  plate, — that  is,  the  light  from  an  area  of  rather  vacant 
non-galactic  sky  7°  i6'.4  in  diameter  possesses  the  same  actinic 
intensity  as  the  light  of  Vega.  We  will  have,  therefore,  taking 
the  magnitude  of  Vega  to  be  0.2,  the  light  received  from  an 
area  one  degree  in  diameter  equivalent  to  the  light  of  a  4.5- 
magnitude  star,  which  is  not  far  from  the  result  obtained  by 
Professor  Newcomb,  using  visual  methods, — namely,  that  the 
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light  received  from  a  circle  of  non-galactic  sky  one  degree  in 
diameter  is  equivalent  to  0.9  the  light  of  a  star  of  the  fifth 
magnitude. 

In  the  second  set  of  plates  Vega  was  the  comparison-star, 
and  the  sky  used  was  a  portion  of  the  Milky  Way  nearest 
Vega.  The  photometric  measurement  of  these  plates  gives  the 
light  of  Vega  equivalent  to  that  received  from  an  area  of 
galactic  sky  50  I9'.8  in  diameter.  From  these  two  sets  we  find 
galactic  sky  1.9  times  brighter  than  non-galactic  sky,  which 
is  also  in  fair  accord  with  the  results  obtained  by  Professor 
Newcomb,  but  does  not  Agree  very  well  with  most  persons'  gen- 
eral impression  of  the  relative  brightness  of  galactic  and  non- 
galactic  sky. 

As  before  stated,  these  results  are  to  be  taken  as  provisional 
only.  It  is  my  intention  to  carry  on  the  work  again  next  sum- 
mer, and  it  is  believed  that  valuable  results  can  now  be 
obtained.  I  wish  to  express  my  obligations  to  Director  Camp- 
bell, who  kindly  placed  at  my  disposal  all  material  and  equip- 
ment necessary  to  carry  out  the  experiments. 

Berkeley,  Cal.,  1902,  December  24. 


I'LAXKTAKY    I4IEXOMKXA    ]■'(  >R    MARCH    AX1) 
APRIL,   1003. 

By  Malcolm   McXkill. 

PHASES    OF    THE    MOON',     PACIFIC    TIME. 

First  Quarter,  March    6,  nh  14™  a.m.  I    First  Quarter,  April     4,    5'' 51™  p.m. 

Full  Moon,           "       13,    4   13   a.m.  Full  Moon,           "      11,4    is    p.m. 

Last  Quarter,       "       20,    6     S    i\m.  Last  Quarter,       "       19.     1    30    p.m. 

New  Moon,           "       28,    5   26    p  m.  New   Moon.          "       27.     5   31    a.m. 


The  vernal  equinox,  the  time  when  the  Sun  crosses  the 
equator  from  south  to  north  and  spring  begins,  occurs  March 
2 1  st.   11  a.  m.,  Pacific  time. 

There  will  be  two  eclipses  during  the  period  March- April. 
The  first  is  an  annular  eclipse  of  the  Sun,  011  March  28th.     The 
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path  of  the  central  eclipse  begins  in  middle  Asia  and  runs 
northwest,  ending  in  the  Arctic  Ocean  north  of  Alaska.  The 
eclipse  may  be  seen  as  a  partial  one  in  the  eastern  part  of  Asia 
and  the  northwestern  portions  of  North  America.  It  will  not 
be  visible  in  the  United  States  in  general. 

The  second  is  a  partial  eclipse  of  the  Moon  on  the  evening 
of  April  nth.  Although  the  Moon  leaves  the  penumbra  at 
7  p.  m.,  Pacific  time,  it  leaves  the  shadow  more  than  an  hour 
earlier;  so  the  eclipse  will  not  be  a  noticeable  phenomenon  in 
the  extreme  western  portions  of  the  country,  but  it  will  be 
well  seen  in  the  eastern  portions  during  the  early  evening. 
The  eclipse  is  almost  total,  less  than  three  per  cent  of  the 
Moon's  diameter  being  uncovered  during  the  middle  of  the 
eclipse,  which  occurs  at  7b  13™  Eastern  time. 

Mercury  is  a  morning  star  during  March  and  until  April 
10th,  when  it  reaches  superior  conjunction  with  the  Sun  and 
becomes  an  evening  star.  For  the  first  ten  days  or  so  of  March 
it  rises  an  hour  or  more  before  sunrise,  and  may  be  seen  in  the 
early  morning  twilight  under  good  weather  conditions.  After 
passing  conjunction  its  distance  from  the  Sun  rapidly  increases, 
and  toward  the  end  of  the  month  it  is  well  out  toward  greatest 
east  elongation.  It  may  be  seen  as  an  evening  star  toward  the 
end  of  the  month,  and  on  May  1st  it  remains  above  the  horizon 
ih  40m  after  sunset. 

Venus  is  an  evening  star,  and  increases  its  distance  from 
the  Sun  about  160  in  their  common  eastward  motion.  On 
March  1st  it  remains  above  the  horizon  a  little  less  than  twro 
hours  after  sunset,  and  by  the  end  of  April  this  interval  has 
increased  to  more  than  three  hours,  and  the  planet  does  not  set 
until  nearly  10  i\  m.  It  will  be  very  conspicuous  in  the  western 
sky  in  the  evening,  but  not  nearly  so  bright  as  it  is  when  near 
inferior  conjunction. 

Mars  will  be  the  most  interesting  astronomical  object  dur- 
ing the  present  period.  It  comes  to  opposition  on  the  night  of 
March  28-2gthf  and  during  the  whole  March-April  period  it 
remains  above  the  horizon  nearly  the  entire  night.  It  is 
brighter  than  it  has  been  since  the  opposition  of  February,  1901, 
or  will  be  again  until  the  spring  of  1905.  At  the  time  of  oppo- 
sition its  distance  from  the  Earth  is  a  little  less  than  sixty 
millions  of  miles.     On  account  of  the  great  eccentricity  of 
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Mars' s  orbit,  the  nearest  approach  to  the  Earth  varies  greatly 
at  different  oppositions.  It  will  be  nearer  to  us  by  about  four 
million  miles  at  the  present  opposition  than  it  was  at  the 
opposition  of  1901 ;  and  the  oppositions  of  1905  and  1907  will 
will  be  still  better.  The  motion  of  the  planet  among  the  stars 
during  the  two-months  period  is  retrograde  about  190,  from  a 
position  in  Virgo  not  far  from  Spica,  the  brightest  star  of  the 
constellation,  to  a  point  in  Leo  not  far  from  Dencbola,  the 
second  star  of  the  latter  constellation. 

Jupiter  is  a  morning  star,  having  passed  conjunction  with 
the  Sun  on  February  19th.  It  rises  at  about  6h  30111  on  March 
1st,  and  at  about  3  a.  m.  on  April  30th.  It  is  rather  too  near 
the  Sun  to  be  seen  during  the  early  days  of  March,  but  soon 
begins  to  show  in  the  early  morning  twilight,  and  is  the  bright- 
est object  in  the  eastern  part  of  the  morning  heavens.  It  is  in 
conjunction  with  Mercury  on  the  afternoon  of  March  18th. 
Jupiter's  superior  brightness  will  enable  it  to  be  seen  in  the 
morning  twilight,  but  Mercury  is  so  much  fainter  that  it  will 
not  be  easy  to  see  it  in  its  position,  about  three  Moon's  diame- 
ters south  of  Jupiter.  Jupiter  is  in  the  constellation  Aquarius, 
and  moves  130  eastward  and  northward  during  March  and 
April. 

Saturn  is  also  a  morning  star,  and  rises  at  about  5  o'clock 
nn  March  1st.  By  the  end  of  April  it  rises  shortly  after  1 
o'clock.  As  it  is  much  less  bright  than  Jupiter,  it  is  not  very 
conspicuous  during  the  early  days  of  March.  It  is  in  the  con- 
stellation Capricorn,  and  during  the  two-months  period  moves 
about  5    eastward  and  northward. 

Iranus  rises  at  about  hall-past  2  o'clock  on  March  1st,  and 
at  about  half  after  10  at  the  end  of  April.  It  moves  slowly  east- 
ward among  the  stars  during  March,  and  then  retrogrades 
(luring  April ;  but  the  whole  motion  is  confined  to  a  space  about 
equal  to  the  Moon's  diameter.  It  is  still  in  the  southern  exten- 
sion oi  Optiiucluis,  and  no  bright  star  is  near  enough  to  afford 
an  easv  means  of  identification. 

Xcptunc  is  in  (icmiui.  By  the  end  of  April  it  sets  at  about 
1 1  p.  M. 
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(FORTY-FIRST)   AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  William  R.  Brooks,  Director  of  Smith 
Observatory,  Geneva,  New  York,  for  his  discovery  of  an 
unexpected  comet  on  April  14,  1902. 

The  Committee  on  the  Comet-Medal : 
W.  W\  Campbell, 
Chas.  Burckhalter, 
Wm.  M.  Pierson. 


(FORTY-SECOND)  AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  Professor  Charles  D.  Perrine,  of  the 
Lick  Observatory,  for  his  discovery  of  an  unexpected  comet 
on  September  1,  1902. 

The  Committee  on  the  Comet  Medal: 
W.  W.  Campbell, 
Chas.  Burckhalter, 
Wm.  M.  Pierson. 


NOTICES  FROM  THE   LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


New  Spectroscopic  Binary  Stars. 

During  the  absence  of  Dr.  Campiuxl  from  the  Observatory 
a  few  results  of  interest  have  been  obtained  in  the  work  with 
the  Mills  spectrograph.  Three  new  spectroscopic  binaries  have 
been  discovered, — viz,,  v  Andromeda3,  ir*  Orionis,  and  cr  Ocm- 
inorunt. 

The  first  of  these,  *  Andromeda*  f  has  very  few  lines  in  that 
part  of  the  spectrum  which  we  use,  and  the  hydrogen  line 
whose  wave-length  is  4340,634  is  quite  diffuse ;  but  there  are 
a  few  lines  due  to  helium  and  magnesium  which  allow  fairly  ac- 
curate measurements.  The  radial  velocity  was  — 17  kilometers 
per  second  on  October  8,  1 902,  —  76  kilometers  on  November 
5th,  and  +  49  kilometers  on  January  14,  1903,  giving  a  total 
range  of  125  kilometers. 

The  star  w*  Or  ion  is  has  a  spectrum  very  similar  to  that  of 
v  Andromeda*,  but  the  range  of  velocity  which  we  have 
obtained  is  not  so  great,  though  it  is  too  large  to  allow  any 
doubt  of  the  star  being  a  binary.  The  velocity  was  +  43  kilo- 
meters on  October  6,  1902,  ±  ooti  January  4,  1903,  and  +6 
on  January  12th, 

The  spectrum  of  o-  Gc  minor  urn  shows  a  great  number  of 
metallic  lines,  though  they  are  in  most  cases  rather  ill-defined, 
so  that  measurements  of  its  velocity  are  not  so  accurate  as  is  the 
case  with  most  stars  whose  spectra  show  numerous  lines.  The 
rather  rough  preliminary  measurements  that  have  been  made 
show  such  a  range  of  velocity,  however,  that  the  star  is  cer- 
tainly a  binary.  On  March  16,  1902,  its  velocity  was  appr 
mately  +74  kilometers,  against  ■+"  l2  kilometers  on  January 
J2th  and  +9  on  January  13,  1903. 


•  I  ick  Astronomical  Dcparttni-ht  of  the  University  of  California. 
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Another  star,  <f>a  Orionis,  is  interesting  on  account  of  its 
great  radial  velocity.  Approximate  measurements  give  +  96 
kilometers  on  October  28,  1902,  +  io3  on  November  24th,  and 
+  98  on  December  30th.  It  is  not  likely  that  the  range  of  seven 
kilometers  in  these  measurements  indicates  a  real  variability  in 
the  velocity  of  the  star,  for  the  plate  of  November  24th  was 
taken  under  poor  conditions  and  was  very  much  under-exposed. 

Approximate  measurements  of  the  plates  of  the  spectrum 
of  t  Ursce  Majoris,  taken  on  January  22,  1900,  and  April  15, 
1902,  respectively,  showed  a  range  of  five  kilometers.  As  this 
was  sufficient  to  cause  suspicion  of  variability,  Mr.  Stebbins 
measured  both  plates  very  carefully,  and  obtained  the  velocities 
—  3.8  kilometers  for  the  first  date  and  —  10.2  for  the  second, 
showing  that  the  star  is  almost  certainly  a  binary.  A  rough 
measurement  of  a  later  plate  gives  a  velocity  of  —  4  kilometers 
(on  December  29,  1902). 

Most  of  the  measurements  of  the  other  plates  were  made 
by  Dr.  H.  D.  Curtis,  and  many  of  the  plates  were  exposed 
by  him.  H.  M.  Reese. 

The  Diameter  of  Titan. 

The  statement  is  sometimes  made  in  books  on  astronomy 
that  the  diameter  of  Titan  is  probably  3,000  to  4,000  miles. 
These  values  are  undoubtedly  too  large.  When  the  microm- 
eter-wires of  the  36-inch  refractor  are  separated  to  an  amount 
corresponding  to  a  diameter  of  4,000  miles  and  the  image  of 
Titan  is  placed  between  them,  this  image,  when  the  atmos- 
pheric conditions  are  sufficiently  good  to  stand  very  high 
powers,  will  easily  be  seen  to  be  entirely  inside  the  inner  edges 
of  both  wires.  When  the  wires  are  separated  to  correspond  to 
a  diameter  of  three  thousand  miles  the  image  is  very  nearly 
tangent  to  the  inner  edges  of  both  wires,  from  which  it  may 
be  inferred  that  the  diameter  is  certainly  less  than  3,000  miles. 

During  the  past  opposition,  while  measuring  the  relative 
positions  of  the  satellites  of  Saturn,  I  have  on  several  nights 
satisfied  myself  respecting  the  correctness  of  the  above  state- 
ments. On  two  nights  when  the  seeing  was  particularly  good 
1  have  also  measured  the  apparent  diameter  of  Titan,  with  the 
following  results : — 
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1902,  June        19         o".6o  or  2,473  miles 
October    2         o  .53  or  2,332  miles 

The  first  of  these  measures  was  made  under  excellent 
atmospheric  conditions.  A  power  of  2400  was  used,  and  even 
with  this  very  high  power  Titan  presented  a  sharply  defined 
disk.  It  is  seldom  that  so  high  a  power  can  be  used  for  such 
work.  The  second  measure  was  made  with  a  power  of  1000. 
For  so  small  a  distance  this  is  about  the  minimum  power  that 
can  be  used  to  advantage. 

On  five  nights  in  each  of  the  years  1894  and  1895  Professor 
Barnard  measured  the  diameter  of  Titan  with  the  large 
refractor  of  the  Lick  Observatory.  His  separate  results,  given 
in  arc,  when  reduced  to  miles,  range  from  about  2,100  to 
nearly  3,200  miles.  The  mean  result  which  he  obtains  for  the 
two  years  is  2,720  miles. 

If  we  say  that  the  diameter  of  Titan  is  about  2,500  miles 
we  shall  probably  not  be  very  much  in  error. 

January  15,  1903.  W.  J.  HusSEY. 

A  New  Double  Star  =  A.  B.  of  2  1233. 

Observations  made  with  the  36-inch  telescope  show  that  the 

principal  component  of  the  wide  pair   2   1233  is  itself  a  close 
double  star.     Measures  were  made  on  two  nights  as  follows: — 


A 

\\     (NEW  ) 

1903.026 
.040 

59  ■[) 

(>2    S) 

o".26 
O    .24 

7-5~7-5 
7-5  7-5 

1000, 
1 500. 

3 
3 

i9(Vv°3 

()l     .4 

o".25 

7-5~7-5 

AT, 

and  C  —  2 

•-\U 

1903.026 
.040 

3-^  '"'.8 
32,s  -lJ 

l8'.2I 

18  .11 

7.0-1 1.0 
7.0-1 1.0 

520, 
520. 

3 
3 

l(J°3-()3         328  .8       1 8".  1  (>         7.0-  1 1 .00 
Stkivk's  measure  of  the  wide  pair  is  : — 
1828.71  33  r   .5        18". 20         7.2-11.5 

The  >tar's  approximate  place  for  1880.0  is  R.  A.  8h  2im.(j; 
Decl.  — 2    4.  R.  G.  Aitken. 

January   16,  19  \v 
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Photographic  Observations  of  Minor  Planets. 

Asteroids  (415)  Palatia  and  (439)  Ohio  were  picked  up  by 
trails  on  negatives  of  forty  minutes'  exposure  with  the  Crossley 
reflector  on  the  night  of  June  23,  1902.  On  the  same  night 
Mr.  Palmer  and  I  secured  four  five-minute  exposures  on 
each  asteroid.  On  the  following  night,  Mr.  Perrine  and 
T  exposed  two  more  plates  on  each  object.  Two  exposures  were 
made  on  each  negative,  the  plate  being  moved  in  Right  Ascen- 
sion between  successive  exposures.  In  the  reductions,  the 
exposures  on  each  plate  were  treated  as  so  many  comparisons 
in  a  micrometer  observation,  except  in  case  of  Plate  6,  on  which 
but  one  of  the  asteroid  images  was  available  for  measurement. 
The  measures  have  been  corrected  for  refraction,  scale  value, 
and  orientation.  Mean  places  of  the  comparison-stars  for 
1902.0  were  employed  directly  in  the  reduction,  as  precession 
and  aberration  simply  affect  the  orientation. 

The  accompanying  table  contains  the  positions  of  the  aster- 
oids as  determined  from  each  plate  and  a  comparison  with 
ephemerides  kindly  furnished  by  Dr.  E.  F.  Coddington.  The 
details  of  the  measures  will  be  published  in  the  Lick  Observa- 
tory Bulletin.  In  every  case,  the  asteroid  images  were  meas- 
ured with  some  difficulty  but  more  particularly  was  this  true 
of  the  negatives  of  June  23d,  when  the  seeing  was  poor. 

R.  H.  Curtiss. 
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The  Comets  of  the  Year  1902. 

The  year  that  has  just  closed  will  not  be  remembered  as  a 
remarkable  one  in  the  annals  of  cometary  discovery,  though 
Perrine's  comet  (1902  b)  proved  to  be  the  brightest  one  of 
recent  years.  Several  periodic  comets  returned  to  the  neighbor- 
hood of  the  Sun  during  the  year,  but  all  of  them  escaped  detec- 
tion, though  they  were  searched  for  carefully,  both  visually  and 
photographically.  The  four  comets  recorded  were  all  unex- 
pected ones,  and  two  of  them  have  added  nothing  to  our  knowl- 
edge of  these  bodies. 

Comet  a,  discovered  by  Dr.  Brooks  on  April  14,  1902,  was 
not  announced  until  confirmed  on  the  following  night.  Obser- 
vations of  it  were  secured  at  various  stations  in  this  country 
and  in  Europe  on  the  nights  of  April  16th,  17th,  18th, 
and  19th ;  but,  so  far  as  I  know,  no  one  has  seen  it  since  then. 
Cloudy  weather  prevented  observations  here  after  April  16th, 
though  the  comet  was  seen  for  a  few  moments  on  the  17th. 
It  was  a  morning  object  when  discovered  and  was  rapidly  ap- 
proaching the  Sun,  and  its  orbit  was  such  that  its  apparent 
position  in  the  heavens  was  very  near  that  of  the  Sun  for  several 
months.  After  passing  the  Sun,  the  comet  was  looked  for  here 
in  the  positions  predicted  by  the  parabolic  elements,  and  in  those 
derived  from  Letscii  nek's  short-period  ellipse,  but  it  was  not 
seen. 

Comet  b,  discovered  by  Pekuine  in  the  early  morning'  of 
September  1,  \'J02,  has  been  described  at  length  in  Xos.  8<>  and 
S7  of  these  Publications.  The  last  observation  secured  here 
before  the  comet  passed  the  Sun  was  made  on  November  17th. 
At  present  it  is  too  far  south  to  be  observed  from  stations  in 
the  northern  hemisphere,  but  it  will  again  he  in  reach  by  the 
middle  of  February,  and,  if  it  is  as  bright  as  theory  predicts,  it 
should  be  for  several  months  an  easy  object  to  observe. 

It  was  announced  in  the  .-Istroiuuiiisclic  Xachrichtcn.  and 
in  the  Monthly  Xoticcs,  K.  A.  S.,  in  September  that  Mr.  John 
(iKitic,  of  Thames,  Xew  Zealand,  bad  discovered  a  faint  comet 
on  the  22d  of  July.  Mr.  (inir.c.'s  letter  states  that  be  secured 
approximate  measures  of  the  comet's  position  on  the  nights  of 
July  23d,  2(>th,  29th,  and  August  1st  and  2<L  Since  then  he 
has  not  seen  it,  and  so  far  no  evidence  is  at  hand  that  it  has  been 
seen  by  any  one  else.     Dr.  Kkei/tz  communicated  an  ephemeris 
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based  on  approximate  elements  computed  by  Mr.  Grigg,  and 
the  comet  was  looked  for  here  on  several  nights  without  suc- 
cess.   This  object  has  been  designated  Comet  c  1902. 

The  last  comet  of  the  year  was  discovered  by  M.  Giacobini 
at  Nice  on  December  2,  1902.  The  telegram  announcing  dis- 
covery reached  us  on  December  4th,  but  clouds  prevented 
observations  until  the  following  night.  Since  then  measures 
have  been  made  on  a  number  of  nights,  the  last  being  secured 
on  January  7th.  The  comet  is  very  small, — only  2'  or  3'  in 
diameter, — and  quite  faint,  but  possesses  a  well-defined  nucleus 
of  about  the  same  brightness  as  a  13^2 -magnitude  star.  Its 
apparent  motion  is  very  slow,  for  it  is  still  several  months  dis- 
tant from  perihelion,  and  only  half  a  dozen  known  comets 
have  a  perihelion  distance  as  great  as  that  assigned  to  this  one 
by  the  preliminary  elements.  For  this  reason  it  is  not  likely  to 
be  at  all  conspicuous,  even  when  observed  with  a  good  tele- 
scope ;  but,  from  the  situation  of  its  apparent  path  through  the 
sky,  it  is  probable  that  its  motion  can  be  observed  for  a  long 
time  and  data  secured  for  an  accurate  orbit. 

R.  G.  Aitken. 
Jan.  io,  1903. 

The  Spectrum  of  the  Faint  Nebulosity  Around  Nova 

Persei* 

The  anomalous  changes  which  have  been  observed  in  the 
faint  nebulosity  surrounding  Nova  Per  sex  made  it  highly  desira- 
ble to  obtain  as  great  a  variety  of  evidence  as  possible,  particu- 
larly in  the  way  of  physical  observations.  In  March,  1902, 
observations  were  secured  with  the  Crossley  reflector  tending 
to  show  that  there  was  little  or  no  polarization  in  the  light 
from  the  brightest  of  the  condensations  then  visible. 

The  nebulosity  was  too  faint  to  attempt  any  spectroscopic 
observations  with  the  apparatus  available.  A  slit-spectrograph 
having  a  quartz  prism  and  quartz  lenses  was  designed  especial- 
ly for  this  problem,  to  be  used  in  connection  with  the  Crossley 
reflector.     The   dispersion   was   purposely   made   very   small. 

A  negative  was  secured  on  the  nights  of  October  31st  and 
November  1st,  2d,  and  4th,  with  a  total  exposure  of  over  34 
hours. 


♦  Abstract  of  L.  O.  Bulletin,  No. 
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The  slit  of  the  spectrograph  was  placed  across  the  brightest 
portion  of  Condensation  D. 

The  resulting  negative  showed  a  very  faint  spectrum, 
which,  after  careful  consideration  and  some  experiments,  was 
deemed  to  be  that  of  the  nebulosity.  So  far  as  can  be  told  from 
such  small  dispersion  and  intensity,  the  spectrum  is  continuous, 
with  the  greater  portion  of  the  light  condensed  in  a  band 
between  hfi  and  Hy.  This  band  is  strongest  just  above  Hp 
and  from  this  point  fades  gradually  until  it  is  entirely  lost  in  the 
H  and  K  calcium  region.  Beyond  this  point,  up  in  the  ultra- 
violet region,  there  is  a  very  slight  increase  of  strength  again. 

It  is  suspected  that  in  one  or  two  cases  there  may  be  traces 
of  bright  lines,  but  the  whole  spectrum  is  so  faint  as  to  preclude 
any  definite  deduction  on  this  point. 

The  above  observation  shows  that  the  spectrum  of  this 
mass  of  nebulosity  is  not  the  ordinary  bright-line  spectrum  of 
the  nebulae.  The  spectrum  observed  may  correspond  to  that 
of  the  Nova  at  some  epoch  in  its  recent  history,  although  that 
seems  doubtful,  from  the  fact  that  since  July,  1901,  (at  least,) 
practically  all  the  light  of  the  Nova  has  been  confined  to  a  few 
lines.  The  faintness  of  the  spectrum  of  the  nebulosity  makes  it 
difficult  to  decide  this  point.  C.  D.  Perrine. 

1903,  January  13. 


Ri:i)  Slwsets  at  Ml  Hamilton. 

Since  the  outburst  of  Mont  I  Vice  in  May  last,  the  sunset* 
have  been  watched  to  see  it  there  would  be  any  such  effects  as 
were  observed  after  the  Krakatoa  eruption  of  1883.  An  aug- 
mentation of  color  was  suspected  in  August  and  September,  but 
as  there  was  considerable  smoke  from  forest  fires  in  the  lower 
atmosphere  at  that  time,  it  was  thought  that  that  might  be 
the  cause,  bor  several  weeks  past  the  atmosphere  has  been 
very  transparent,  owing  to  frequent  rains  and  fogs,  and  favor- 
able, therefore,  for  the  detection  of  any  unusual  color  due  to 
dust  in  the  upper  atmosphere. 

On  many  cloudless  evenings  a  very  perceptible  deepening 
of  color  has  been  observed.  The  band  near  the  horizon  has 
been  of  a  very  deep  crimson,  and  some  color  has  usually  been 
visible  almost  to  the  zenith.     The  tints  are  very  clear  and  pure 
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much  more  so  that  those  usually  resulting  from  smoke  in  the 
lower  atmosphere.  On  several  occasions  the  morning  sky 
has  shown  some  such  effect,  but  much  less  marked  than  in  the 
evening. 

The  recent  sunsets  are  in  no  way  comparable  with  the  mag- 
nificent effects  of  1883. 

It  is  not  possible  to  connect  these  appearances  with  certainty 
with  the  Martinique  eruption  or  that  in  Guatemala.  The  sur- 
face currents  in  the  atmosphere  are  contrary  in  both  cases. 
Unless  the  matter  was  brought  by  reverse  currents  in  the  high 
atmosphere,  it  must  have  traveled  almost  around  the  globe.  It 
is  impossible,  for  reasons  given  above,  to  trace  a  relation  by 
means  of  time.  C.  D.  P. 

1903,  January  10. 

Grant  from  the  Carnegie  Institution. 

The  Carnegie  Institution  has  made  a  grant  of  $4,000  to  the 
Lick  Observatory  for  the  present  fiscal  year  of  the  Institution, 
to  be  expended  in  the  employment  of  assistants  and  computers. 

W.  W.  Campbell. 


Elements  of  Comet  d  1902. 

From  my  observations  of  December  5  and  December  30, 
1902,  and  January  17,  1903,  I  have  computed  the  following  set 
of  parabolic  elements  of  Comet  d  1902 : — 

T=  1903,  March  23.27958  G.  M.T. 


.0 


1. 


<»=      5"    45'       4-4 

Q  =  117       28        o  .0  J-  1903.0 

*=    43      53      57  .9  J 
log  q=  0.443156 

Residuals  (O-C):  — 

A  a'  cos  F  =  —  3".  6  ;   A  fg  =  —  3".  1 

Constants  for  the  Equator  of  1903.0:  — 

X  =  r  [9.896716]  sin  (2210  33'  31^7  +v) 
y  —  r  [9.999990]  sin  (131  15  44  .4  +v) 
Z  —  r  [9.789065]  sin  (  40    46  31  .3  +v) 

R.  G.  AlTKEN. 
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Astronomical  Telegrams. 
(Translations.) 

Cambridge,  Mass.  Dec.  4,  1902. 
To  Lick  Observatory:  (Received  8:05  p.m.) 

Kiel  cables  that  a  faint  comet  was  discovered  by  Giacobini 
at  Nice  on  December  2.396  G.  M.  T.,  approximately  in  the 
position  R.  A.  ?h  iym  408 ;  Decl.  —  i°  58'.  Direction  of  motion, 
northwest.  (Signed)  E.  C.  Pickering. 

Cambridge,  Mass.  Dec.  4,  1902. 
To  Lick  Observatory :  (Received  8 135  p.m.) 

Comet  Giacobini  was  observed  by  Dinwiddie  at  Washing- 
ton on  December  3.737  G.  M.  T.,  in  R.  A.  7h  iym  24s;  Decl. 

—  i°  50'.    The  position  is  approximate. 

(Signed)  John  Ritchie,  Jr. 

Mt.  Hamilton,  Cal.,  Dec.  6,  1902. 
To  Harvard  College  Observatory:  (Sent  9:55  a.m.) 

To  Students'  Observatory,  Berkeley,  Cal. : 

Comet   Giacobini   was  observed   by   Aitken   on   December 
5.9848  G.  M.  T.,  in  R.  A.  7h  i6m  45s7;  Decl.  —  i°  31'  2". 
(Signed)  R.  H.  Tucker,  in  charge. 

Mt.  Hamilton,  Cal.,  Dec.  8.  1902. 

To  Harvard  College  Observatory:  (Sent  9:45  a.m.) 

To  Students'  Observatory,  Berkeley,  Cal.: 

Comet  Giacobini  was  observed  by  Aitkkn  on  December 
6.7930  G.  M.  T.  in  R.  A.  jh  K»U1  30s.;;  Decl.  —  1  23'  4</' :  and 
on    December  7.8192  G.    M.   'I'.,   in    K.    A.   711    iom  9s. S :   Decl. 

—  1      14'  30".  (Signed)  I\.  II.  Tickkk,  in  charge. 

I  Boston.   Mass.,   \)l-c.   15,   1902. 
Elements    and    ephemeris    of    Comet    ( iiacobini    were    com- 
puted at  Washington  as  follows: — 

T^  190^  April  1.7863,  G.  M.  T. 

—       9°  47'     7"  ) 

I]=  117     12    35      v  Mean  equator  ol  1902.0 

*^=    43    53    29      > 
Natural  q  — -  2.^86 

(Signed)  John  Kriviiii-:.  Ju. 

[The  ephemeris  at  4-day  intervals  to  December  29  i>  here 

omitted.] 


REPORTS   OF    OBSERVATORIES. 
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The  annual  publication  in  one  place  of  brief  reports  upon  astronomical  researches 
made  in  this  country  would  seem  to  be  desirable.  Those  desiring  to  prepare  such  reports 
are  requested  to  forward  manuscript  to  Frank  Schlesinger,  International  Latitude 
Observatory,  Ulciah,  California. 


NAVAL  OBSERVATORY,    WASHINGTON,   D.    C. 

During  the  year  the  following  changes  have  taken  place 
in  the  personnel : — 

Professors  of  Mathematics  Thos.  J.  J.  See  and  Milton 
Updegraff  were  detached  from  the  Observatory  on  Septem- 
ber 20,  1902,  and  ordered  to  duty  as  instructors  in  the  Depart- 
ment of  Mathematics  at  the  United  States  Naval  Academy, 
where  their  services  were  urgently  required,  owing  to  the  great 
scarcity  of  line  officers  in  the  navy  who  had  formerly  done 
this  work. 

November  1,  1902,  Captain  Ciias.  H.  Davis,  U.  S.  N.,  was 
relieved  as  Superintendent  by  Captain  Colby  M.  Chester, 
U.  S.  N. 

The  instruments  have  been  used  as  follows: — 

The  6-inch  transit-circle  has  been  devoted  to  routine  ob- 
servations of  the  Sun,  Moon,  and  planets,  together  with  the 
special  lists  of  heliomerer  comparison-stars  issued  by  Sir  David 
Gill. 

The  9-inch  transit-circle  has  been  undergoing  repairs  and 
improvements. 

The  prime  vertical  transit  instrument  has  been  devoted  to 
observations  for  the  determination  of  aberration,  nutation,  and 
variation  of  latitude,  and  to  the  determination  of  the  Declina- 
tions of  390  miscellaneous  stars. 

The  alt-azimuth  instrument  has  been  devoted  to  a  determin- 
ation of  the  latitude  of  the  Observatory  and  the  Declinations  of 
350  standard  stars. 

Photographs  of  the  Sun  have  been  obtained  with  the  photo- 
heliograph  on  every  clear  day. 

The  equatorials  have  been  devoted  to  measurements  of  the 
diameters  of  the  planets,  to  observations  of  their  satellites,  to 
observations  of  asteroids,  comets,  occultations,  and  variable 
stars. 

During  the  year  volume  II,  Publications  of  the  U.  S.  Naval 
Observatory.  Second  Series,  containing  the  observations  of  the 
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Astronomische  Gesellschaft  Zone  —  130  50'  to  —  180  10'  has 
been  issued,  and  volume  III  is  in  press. 

The  formation  of  the  catalogue  from  the  observations  in 
volume  II  is  in  progress,  and  some  work  has  been  done  on 
cataloguing  the  Washington  Zones  1846  to  1852. 

A  very  important  part  of  the  work  of  the  Observatory  con- 
sists in  the  inspection,  purchase,  care,  and  issue  of  chronom- 
eters, watches,  sextants,  octants,  telescopes,  binoculars,  and 
surveying  and  photographic  outfits,  including  all  nautical 
instruments  except  compasses.  The  regular  annual  trial  of 
chronometers  includes  about  one  hundred  chronometers,  of  a 
value  of  about  $30,000,  and  lasts  six  months.  The  time  service, 
maintained  in  connection  with  the  chronometer  service,  sends 
out  daily,  except  Sundays  and  holidays,  telegraphic  noon- 
signals  that  reach  all  points  of  the  country,  correcting  some 
40,000  clocks  and  dropping  sixteen  time-balls. 

The  following  articles  from  members  of  the  Observatory 
staff  have  appeared  during  the  year:  The  Naval  Observatory 
Eclipse  Expedition  to  Sumatra,  by  A.  N.  Skinner,  (Popular 
Astronomy,  January,  1902)  ;  Observations  of  the  Diameters  of 
the  Satellites  of  Jupiter  and  of  Titan,  the  Principal  Satellite 
of  Saturn  (observations  by  daylight),  by  T.  J.  J.  See,  (A.  N., 
No.  3764)  ;  Micrometrical  Measures  of  the  Equatorial  Diameter 
of  Saturn  and  of  his  System  of  Kings  (observations  by  day- 
light ).  by  T.  J.  J.  See.  (  A.  A'.,  No.  3708 )  :  Micrometrical  Meas- 
ures of  the  Diameter  of  L'ranus  (observations  i>y  daylight  ),  by 
T.  J.  J.  See,  (.7.  A'.f  No.  $/(^)  ;  (  Nervations  of  the  Satellites 
of  Saturn  and  L'ranus,  by  T.  J.  J.  See,  (.7.  A'.,  No.  380O ')  ; 
Observations  of  lleliometer  Comparison-Stars,  by  M.  Cpde- 
oraef  and  J.  C.  Hammond,  (./.  J.,  No.  528);  Micrometric 
Measures  of  Double  Stars,  by  E.  A.  Poeoer.  ( . 7.  /.,  No.  522)  ; 
Observations  of  (26)  Proserpina,  by  (i.  I\.  L.wvtox,  [A.  A'., 
No.  3780)  ;  Some  Kesults  of  the  Total  Eclipse  in  Sumatra,  of 
May  18,  1 901,  obtained  with  the  Photoheliograph,  at  Eort  de 
Kock,  bv  ( i.  II.  Peters,  ( .-Istrophysicai  Journal,  September, 
1902J  ;  Elements  and  Ephemeris  of  Comet  1902  J,  by  II.  R. 
Moroax  and  C.  \Y.  Frederic  k.  (.7.  /.,  No.  ^2$)  ;  A  Device  for 
Conducting  Electric  Circuits  to  the  Eve-end  of  the  Equatorial 
Telescope,  bv  \V.  \Y.  DixwumiE,  (Popular  .  Istrcuoiuy,  June, 
1902);  Observations  of  Comet   1902  d,  by  \Y.  \V.  Dixwinnn: 
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and  C.   W.   Frederick,    (A.  J.,  No.   528)  ;  Observations  of 
Comet  1902  d}  by  W.  W.  Dinwiddie,  (A.  /.,  No.  528). 

C.  M.  Chester,  Captain,  U.  S.  N., 
Superintendent  Naval  Observatory. 
January  12,  1903 


OBSERVATORY  OF  THE   UNIVERSITY  OF   MINNESOTA. 

The  research  work  of  the  Observatory  has  been  confined 
almost  exclusively  to  measurement  and  reduction  of  the  series 
of  Eros  photographs  made  during  the  winter  of  1900.  In  tak- 
ing these  photographs  the  plan  followed  was  to  make  all  the 
exposures  of  a  single  night  on  the  same  plate;  so  when  one 
plate  is  worked  up  the  work  of  that  night  is  finished.  Expos- 
ures were  made  at  as  great  hour-angles  as  possible,  so  that  the 
Sun's  parallax  might  be  obtained  by  the  morning  and  evening 
method.  This  plan  was  successfully  carried  through  on  about 
fifteen  nights,  and  only  partially  so  on  some  thirty-five  nights. 

Twenty-one  of  the  most  perfect  plates  have  been  measured. 
They  contain  on  an  average  about  twelve  exposures  and  thirteen 
reduction-stars.  A  number  of  filar  micrometer  comparison- 
stars  were  also  measured,  that  their  positions  might  be  accu- 
rately determined.  Many  of  the  stars,  however,  were  too  faint 
to  be  photographed.  Three  of  the  plates  have  been  provision- 
ally reduced  and  the  Sun's  parallax  computed. 

From  these  the  probable  error  of  the  position  of  an  image, 
in  one  equation  of  condition,  is  about  one  tenth  of  a  second. 
The  probable  error  of  the  Sun's  parallax,  of  course,  will  depend 
on  the  hour-angles  at  which  the  exposures  were  taken  and  the 
resulting  parallax  factor.  In  one  of  the  above  cases  the  factor  is 
20,  making  the  probable  error  of  the  Sun's  parallax  from  the 
night's  work  about  o".02. 

Some  difficulty  has  been  experienced  in  making  the  meas- 
urements on  account  of  bad  images  near  the  edge  of  the  plates. 
They  are  usually  round  and  well  defined  near  the  center.  But 
half-way  out  from  the  center  they  begin  to  develop  comet-like 
tails.  These  tails  I  afterward  found  may  be  almost  completely 
eliminated  by  capping  the  object-glass  down  from  its  full  aper- 
ture io*4  inches  to  9  inches.  This  is  accomplished  also  with- 
out materially  weakening  the  intensity  of  the  images. 
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The  results  of  the  preliminary  reductions  lead  me  to  believe 
that  the  final  reduction  of  the  whole  series  of  photographs  will 
be  reasonably  accurate. 

January  I,  1903.  F.  P.  LEAVENWORTH. 


VASSAR  COLLEGE  OBSERVATORY. 
Professor  Mary  W.  Whitney,  Director. 

i.  Publications  of  Vassar  College  Observatory  during  1902 : 
Observations  of  Nova  Persci,  by  Mary  W.  Whitney  and 
Caroline  E.  Furness  (Ast.  Nach.,  3757)  ;  Observations  of 
Minor  Planets,  by  Mary  W.  Whitney  and  Caroline  E.  Fur- 
ness (Ast.  Jour.,  517)  ;  Ditto,  ditto  (Ast.  Nach.,  3795)  ;  Obser- 
vations of  Comet  b,  1902,  (Perrine),  by  Mary  W.  Whitney 
and  Caroline  E.  Furness  (Ast.  Jour.,  528) ;  Prediction  of 
maxima  and  minima  of  variable  stars  of  long  period  for  1902, 
by  Ida  Watson  and  Helen  Swartz,  graduate  students  in 
Astronomy  (published  monthly  in  Pop.  Ast.  for  1902)  ;  the  var- 
iable star  U  Ccphei,  by  Ida  Watson  (Pop.  Ast.,  June,  1902). 

2.  Observations  of  minor  planets  and  comets  are  being  made 
continuously  though  somewhat  irregularly.  There  are  now  on 
hand,  in  various  stages  of  reduction,  about  thirty  observations 
of  Eros  and  the  same  number  of  observations  of  minor  planets. 

3.  During  the  past  year.  Miss  Oiwi.kv,  a  graduate  student, 
wa^  engaged  in  computing  the  definitive  orbit  of  Comet  1826  II. 
A  portion  of  the  work — viz.,  the  determination  of  the  Right 
Ascensions  and  Declinations  and  proper  motions  of  the  com- 
parison-stars— has  already  been  completed,  and  was  accepted 
as  a  thesis  for  the  A.  M.  degree  at  Vassar  College. 

The  most  important  work  carried  on  is  the  measurement  and 
reduction  of  photographic  plates,  a  continuation  of  the  work 
included  in  l*\iblications  1  of  the  (  )l.>servatnry.  Of  the  eight 
plates  covering  the  region  88  to  81;  ,  six  have  been  measured 
and  partially  reduced.  For  the  remaining  measurement  and 
the  completion  of  the  reduction  the  Observatory  has  received 
from  the  Carnegie  Institution  a  grant  of  81,000,  to  enable  us  to 
finish  the  work  in  a  year's  time.  The  money  will  be  expended 
in  employing  additional  computers,  since  a  large  portion  of  the 
time  of  the  director  and  the  assistant  is  given  to  instruction. 
Pououkkki'sik,  January  6,  1903. 
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ASTRONOMICAL   OPERATIONS  OF   THE   U.   S.    COAST   AND  GEODETIC 

SURVEY. 

In  the  main  portion  of  the  United  States  the  only  astronom- 
ical observations  were  at  Tonopah,  Nevada,  the  latitude  and 
longitude  being  determined,  and  at  Iron  Mountain  Furnace 
Tract,  Tenn.,  latitude  only.  In  Alaska  the  latitude  and  longi- 
tude of  a  point  on  St.  Lawrence  Island  and  of  a  point  on  Nuni- 
vak  Island  were  determined,  the  longitudes  being  observed  by 
the  chronometric  method.  No  astronomical  observations  were 
made  in  Hawaii  or  in  Porto  Rico. 

In  the  Philippines  the  latitudes  of  twenty-nine  stations  have 
been  determined.  The  longitudes  of  twenty-eight  stations  have 
also  been  determined  with  reference  to  Manila,  of  which  the 
longitude  had  previously  been  determined  through  the  cable; 
and  azimuths  were  observed  at  twenty-three  stations.  Of  the 
twenty-eight  longitudes  in  the  Philippines,  twenty-seven  were 
determined  by  the  telegraphic  method  and  one  by  the  chrono- 
metric method.  The  figures  given  above  for  the  Philippines 
include  all  stations  from  which  any  reports  have  reached  the 
Washington  Office  up  to  this  date,  and  include  observations  in 
both  1 90 1  and  1902. 

F.  W.  Perkins,  Acting  Superintendent. 
Jannary  9,  1903. 


HARVARD  COLLEGE  OBSERVATORY.* 

East  Equatorial. — The  observations  with  this  instrument 
have  been  made  by  Professor  O.  C.  Wendell,  and  have  been 
of  the  same  general  character  as  in  previous  years.  Seventeen 
thousand  photometric  light  comparisons  have  been  made,  prin- 
cipally with  the  polarizing  photometer  with  achromatic  prisms. 
With  this  photometer  1,024  comparisons  were  made  of  X 
Cancri,  992  of  U  Cephei,  960  oi-U  Sagittce,  944  of  U  Scuti, 
880  of  78.1901  Cygni,  800  of  R  Ursa  Minor  is,  752  of  /3  Persej, 
736  of  x  Cygni,  528  of  fi  Lyra',  480  of  W  Delphini,  448  of 
U  Ophiuchi,  416  of  +  430  4101,  recently  discovered  here,  384 
of  Nora  Pcrsci,  No.  2,  320  of  X  Pcrsei,  192  of  R  R  Lyras,  160 


*  Extracted,  with  Professor  Pickering's  permission,  from  the  Fifty-seventh  Annual 
Report  of  the  Director  of  the  Astronomical  Observatory  of  Harvard  College  for  the 
year  ending  September  30,  1002. 
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of  S  W  Cygni,  160  of  standard  stars  in  the  cluster  Messier  15, 
144  of  Y  Cygni,  96  of  R  Coronet,  96  of  55  Cygni,  64  of 
T  Cygni,  64  of  T  Persei,  64  of  fi  Herculis,  48  of  R  Lyrce, 
and  32  each  of  U  Geminorum,  X  Herculis,  d  Serpentis, 
fkCephei,  and  X  Virginis.  In  addition  to  the  above,  1,984 
comparisons  were  made  of  o  Ceti,  288  of  U  Camelopar- 
dalis,  and  1,968  of  double  stars,  with  a  second  photometer 
adapted  to  the  comparison  of  stars  too  near  together  to  be 
measured  with  the  first  instrument.  The  same  instrument 
has  been  used  in  the  photometric  measurement  of  Jupiter's 
satellites  while  undergoing  eclipse.  Seventeen  eclipses  have 
been  observed,  making  the  total  number  736/  Photometric 
observations  of  comparison-stars  for  variables  have  also  been 
continued,  the  number  of  settings  being  192.  The  systematic 
observation  of  variable  stars  of  long  period  throughout  their 
changes,  and  the  reduction  of  the  results  to  the  scale  of  the 
meridian  photometer  have  been  continued.  Two  hundred  and 
fifty  estimates  by  the  method  of  Argelander  have  been  made, 
generally  when  the  stars  were  too  faint  to  be  observed  with 
small  instruments.  The  selection  of  fourteenth  magnitude 
standards  has  been  continued.  Several  other  objects  of  a  mis- 
cellaneous character  have  also  been  observed. 

Similar  observations  of  variables  and  comparison-stars  have 
been  made  with  the  West  equatorial.  With  it  1,130  estimates 
of  variables,  and  235  estimates  of  comparison-stars  have  been 
made  by  Miss  Cannon,  3,324  estimates  of  variables,  and  170 
estimates  of  comparison-stars  have  been  made  by  Mr.  Camt- 
nr.LL,  with  the  naked  eve,  field-glass,  and  a  5-inch  portable 
telescope.  Three  hundred  and  ninety-one  estimates  of  variables 
have  been  made  by  Mr.  Colson,  and  ^2()  by  Mr.  White.  Nine 
hundred  and  eighty-one  estimates  of  variables  have  been  made 
by  Mr.  F.  E.  Seac;kave,  of  Providence,  and  communicated  by 
him  to  this  Observatory.  Observations  of  variable  stars  have 
also  been  communicated  by  six  other  persons. 

Meridian-Circle. — The  principal  use  of  this  instrument  dur- 
ing the  year  has  been  the  determination  of  clock  error,  hut  on 
20  dates  observations  oi  Xoi'a  /'crsci,  \o.  2,  or  Faint  stars  in 
its  vicinity,  were  made  by  Mr.  Dinni-.  The  total  number  of 
transits,  including  those  of  circumpolar  and  almanac  stars  re- 
quired, for  the  reduction  of  the  observations  was  218.     On   10 
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other  dates  observations  were  made  with  wire  screens,  in  order 
to  furnish  an  independent  determination  of  personal  equation 
with  respect  to  magnitude.  These  observations  have  not  yet 
been  reduced.  The  power  of  the  instrument  in  exhibiting  faint 
stars  was  compared  with  that  of  the  four-inch  transit-circle  of 
the  Students'  Astronomical  Laboratory,  by  a  short  series  of 
observations  in  June,  1902,  from  which  it  appeared,  as  had  been 
previously  thought,  that  the  8-inch  object-glass  of  the  meridian 
circle  was  less  efficient  than  would  be  supposed  from  its  sizeM 

The  reduction  of  the  observations  of  stars  in  the  zone  —  90 
50'  to  —  1 40  10'  has  proceeded  so  far  that  the  results  in  Right 
Ascension  and  Declination  for  1900.0  are  now  very  nearly  com- 
plete, and  are  collected  in  readiness  for  the  computation  of  the 
mean  result  for  each  star.  But  it  is  expected  that  cases  of  large 
discrepancy,  especially  in  the  observations  of  the  years  1896  to 
1898,  will  be  found  to  require  a  second  reduction,  and  that 
en.tire  zones  may  need  small  corrections  when  the  residuals  of 
the  separate  observations  have  been  obtained  for  the  zone 
journal.  The  work  of  collecting  the  estimates  of  magnitude  is 
also  largely  completed,  and  the  preparation  for  publication, 
both  of  the  final  catalogue  and  of  the  zone  journal,  has  been 
begun. 

The  reduction  of  the  observations  made  by  the  late  Pro- 
fessor Rogers,  during  the  years  1879  t0  J^3»  nas  been  con- 
tinued by  Miss  S.  C.  Bond  under  the  supervision  of  Miss  Anna 
Winlock.  The  computation  of  the  reductions  from  apparent 
to  mean  place  at  intervals  of  ten  days  for  all  the  stars  observed 
is  now  complete.  About  3,000  reductions  for  single  observa- 
tions have  been  obtained  by  interpolation  from  these  computa- 
tions, and  about  as  many  more  remain  to  be  obtained. 

12-inch  Meridian  Photometer. — With  this  instrument  66,932 
settings  have  been  made  by  the  Director  on  118  nights.  In  all, 
265,604  settings  have  been  made  in  four  years.  The  principal 
work  has  been  the  extension  of  the  photometric  scale  from  the 
tenth  to  the  thirteenth  magnitude.  Sequences  of  stars  have 
been  selected  and  measured  for  all  the  regions  contained  in 
Series  I,  II,  and  III,  of  Hagen's  Catalogues,  from  the  magni- 
tude 7.5  to  12.5,  and  in  Series  IV,  from  7.5  to  10.5. 

Meridian  Photometer. — With  this  instrument  10,784  meas- 
ures  were   made   by    Professor   Bailey   on   30  nights,    from 
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October  I,  1901,  to  April  18,  1902.  It  was  then  dismounted 
and  sent  to  Peru,  where  he  obtained  7,804  settings  on  18  nights, 
from  July  10  to  September  30,  1902.  The  principal  objects 
observed  were  a  series  of  stars  of  about  the  fifth  magnitude, 
one  in  every  region  io°  square.  Each  star  was  to  be  observed 
twice  on  ten  nights,  caking  various  precautions  so  that  the 
resulting  magnitudes  should  furnish  accurate  standards  of 
photometric  magnitude,  from  the  north  to  the  south  pole. 
Various  miscellaneous  objects,  including  comparison-stars  for 
Eros,  Iapetus,  and  variables,  were  also  measured.  The  total 
number  of  settings  so  far  obtained  with  this  instrument  is 
1,051,768. 

Henry  Draper  Memorial. — Since  its  establishment  in  1886, 
the  Henry  Draper  Memorial  has  developed  three  new  and 
unique  lines  of  work.  First,  by  the  substitution  of  the  objective 
prism  and  doublet  for  the  slit  spectroscope  and  single  lens,  the 
spectra  of  large  numbers  of  stars  are  photographed  simulta- 
neously by  the  former,  instead  of  singly  by  the  latter  method. 
These  photographs  have  been  repeated  until  every  portion  of  the 
sky  has  been  covered,  using  the  8-inch  Draper  telescope  for  the 
northern  stars,  and  the  Bache  telescope,  an  8-inch  doublet  of 
similar  construction,  for  the  southern  stars.  As  a  result,  we 
have  a  photograph  of  the  spectrum  of  every  star  in  the  sky 
permanently  brighter  than  the  ninth  or  tenth  magnitude, 
besides  many  thousands  that  are  fainter.  These  plates  have 
been  carefully  examined  by  Mrs.  Flkmino,  with  the  result 
that  large  numbers  of  objects  having  peculiar  spectra  have  been 
discovered.  The  number  of  such  objects  found  elsewhere  is 
small,  and  it  is  probable  that  all  that  are  bright  have  been  found 
from  these  plates,  thus  making  this  part  of  the  work  complete. 
We  are  now  extending  it  to  the  fainter  stars,  using  smaller 
dispersions  and  longer  exposures.  There  are  two  classes  of 
stars  that  can  only  he  studied  by  frequent  photographs  like  those 
described  above.  Of  the  eight  Xora  which  are  known  to  have 
appeared  during  the  last  sixteen  years,  two  were  bright  and 
visible  to  the  naked  eye.  All  of  the  others  were  found  from 
the  Draper  photographs,  and  would  probably  otherwise  never 
have  been  discovered.  Variable  stars  of  long  period  have  very 
peculiar  spectra,  which  differ  greatly  from  one  another,  and  can 
generally  be  photographed  only  when  they  are  bright.     Nearly 
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two  hundred  of  these  objects  have  been  discovered  from  the 
Draper  photographs.  Secondly,  by  placing  large  objective 
prisms  in  front  of  the  n-inch  Draper  telescope,  stellar  spectra 
six  inches  long  and  showing  several  hundred  lines  have  been 
obtained.  Shorter  spectra  were  obtained  of  the  fainter  stars, 
and  from  them  a  detailed  study  of  681  of  the  brighter  stars  vis- 
ible in  Cambridge  was  made  by  Miss  Maury.  A  similar  study 
of  1,122  southern  stars  photographed  with  the  13-inch  Boyden 
telescope  has  been  made  by  Miss  Cannon.  Although  the  stars 
have  thus  been  arranged  in  a  logical  sequence,  the  object  was 
rather  to  show  that  large  numbers  of  stars  had  identical  spectra, 
and  then  to  publish  all  the  facts  regarding  a  typical  star  of  each 
group.  All  the  material  is  thus  furnished  to  any  future  in- 
vestigator, .so  that  he  may  continue  his  studies  without  having 
recourse  to  these  or  other  photographs.  The  discovery  of  spec- 
troscopic binaries,  of  stars  having  the  hydrogen  lines  bright  and 
variable,  and  of  a  new  series  of  hydrogen  lines,  resulted  from 
these  investigations.  The  third  field  of  work  is  perhaps  the 
most  important  of  all.  By  photographing  repeatedly  all  por- 
tions of  the  northern  sky  with  the  8-inch  Draper  telescope,  and 
of  the  southern  sky  with  the  Bache  telescope,  we  have  a  map 
of  the  entire  sky  showing  all  the  brighter  stars  night  after  night. 
This  furnishes  a  complete  history  of  the  heavens  for  every  year 
since  1890,  and  a  partial  history  since  1886.  When  any  new 
object  is  discovered,  we  can  trace  its  motion  or  variations  in 
brightness,  throughout  this  period  from  these  photographs.  As 
no  such  collection  of  photographs  has  been  made  elsewhere,  the 
importance  of  properly  caring  for  it,  and  continuing  it,  is 
obvious.  An  additional  force  of  assistants  is  much  needed  to 
study  these  plates,  and  thus  determine  the  past  history  of  known 
objects,  and  of  new  ones  as  fast  as  they  are  discovered. 

The  number  of  photographs  taken  with  the  11 -inch  Draper 
telescope  is  475,  making  14,020  in  all  with  this  instrument;  with 
the  8-inch  Draper  telescope,  1,642,  making  in  all  29,298.  The 
total  number  of  photographs  of  the  stars  taken  at  Cambridge 
during  the  year  is  4,254.  Fifteen  eclipses  of  Jupiter's  satellites, 
and  ten  occultations,  have  been  successfully  photographed  with 
the  1 1 -inch  Draper  telescope.  Four  variable  stars  have  been 
found  by  Mrs.  Fleming  from  an  examination  of  the  Draper 
photographs.    One  of  these,  +  430  4101,  proved  to  be  an  Algol 
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variable  with  a  period  of  30  days,  and  duration  of  obscuration 
2  days.  This  period  is  much  longer  than  that  of  any  other 
Algol  star  as  yet  discovered,  the  next  longest  period  being  that 
of  5  Cancri,  which  is  9.5  days.  The  other  three  were  found 
from  the  presence  of  bright  hydrogen  lines  in  their  spectra. 
One  of  these,  whose  position  for  1900  is  R.  A.  =  I2h  SOm.7, 
Dec.  = — 570  21',  has  a  peculiar  spectrum.  A  fifth  variable, 
+  400  4390,  found  by  Mr.  J.  A.  Dunne  with  the  meridian- 
circle,  was  confirmed  by  the  Draper  photographs. 

The  general  plan  of  taking  the  photographs,  as  described  in 
the  last  report,  has  been  maintained  under  the  direction  of  Mr. 
King.  The  illumination  of  the  sky  by  electric  lights  limits  the 
time  of  exposure,  as  the  faintest  stars  do  not  appear  when  the 
fogging  of  the  plates  exceeds  a  small  amount.  For  this  reason, 
an  exposure  of  three  hours  with  the  8-inch  Draper  telescope 
fails  to  show  faint  stars  any  better  than  an  exposure  of  one 
hour;  and  this  instrument  is  not  used,  even  for  exposures  of 
ten  minutes,  for  several  days  each  month,  on  account  of  the 
Moon.  Several  of  the  brighter  asteroids  are  photographed 
every  month  as  standards  of  magnitude  in  different  parts  of  the 
sky. 

Boyd  en  Department. — The  station  at  Arequipa  remained 
under  the  charge  of  Mr.  H.  C.  Bailky  from  October  1,  1901. 
to  March  1,  1902.  It  was  in  charge  of  Mr.  R.  II.  1;rost  from 
March  1  to  June  1,  1902,  and  since  June  1,  1902,  in  charge  of 
Professor  Bailey.  The  number  of  photographs  taken  with  the 
13-inch  Boyden  telescope  is  276,  making  10,630  in  all.  A  few 
of  these  are  charts  of  clusters,  but  nearly  all  of  the  remainder 
are  photographs  of  the  spectra  of  stars  in  which  the  hydrogen 
lines  appear  to  be  variable,  and  of  spectroscopic  binaries.  Two 
thousand  one  hundred  and  forty  plates  have  been  taken  with  the 
Bache  telescope,  making  30.748  in  all.  Nearly  all  of  them  arc- 
charts  with  exposures  of  iom  and  (\om.  The  total  number  of 
photographs  taken  at  Arequipa  during  the  year  is  3.919.  One 
reason  for  Professor  Bailky's  trip  to  Bern  was  to  study  the 
variations  in  light  of  the  planet  Jiros.  At  its  next  opposition, 
this  planet  is  so  far  south  that  it  cannot  readily  be  observed  in 
Europe  or  in  the  United  States,  and  is  so  faint  that  powerful 
instruments  will  be  required  to  observe  it.  The  meridian  pho- 
tometer has  accordingly  been  sent  to  Peru  to  determine  stand- 
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ards  for  comparison,  and  also  to  continue  the  work  undertaken 
here,  as  described  above.  One  of  the  photometers  used  in  the 
determination  of  faint  stellar  magnitudes  by  the  co-operation 
of  the  Yerkes,  Lick,  McCormick,  and  Harvard  Observatories, 
has  also  been  sent  to  Peru.  This  photometer  has  been  attached 
to  the  13-inch  Boyden  telescope,  and  has  already  been  used  by 
Mr.  Bailey  on  24  nights,  from  July  28  to  September  30,  1902. 
Measurements  have  been  made  with  it  of  Sirona,  Tercidina, 
of  camparison-stars  for  variables,  and  of  a  few  variables. 
Attempts  have  been  made  to  secure  monthly  observations,  by 
Argelander's  method,  of  50  southern  variables.  This  has  been 
much  interrupted  by  other  work,  but  since  March,  1902,  it  has 
been  actively  resumed. 

Bruce  Photographic  Telescope. — During  the  last  year,  438 
plates  have  been  taken  with  the  Bruce  photographic  telescope, 
making  6,174  in  all.  Before  February  1,  1902,  these  plates 
were  taken  by  Dr.  DeLisi.e  Stewart,  and  since  then  by  Mr. 
R.  H.  Frost.  With  this  instrument,  excellent  chart  plates  can 
be  obtained  of  regions  50  square,  the  images  in  the  centers  of 
the  plates  being  almost  perfectly  circular  even  when  the  expos- 
ure lasts  four  or  five  hours.  A  large  number  of  trails  of  aster- 
oids have  been  photographed,  several  of  which  are  probably 
new.  One  of  these  has  a  greater  eccentricity  than  any  other 
known  asteroid,  and  exceeds  that  of  some  of  the  periodic 
comets.  The  name  Ocllo  has  been  given  to  it  by  the  discoverer, 
Dr.  Stewart,  after  the  Peruvian  goddess,  who  with  her  brother 
Manco  was  supposed  by  the  Incas  to  have  descended  from  the 
Sun.  A  photograph  of  Eros  was  obtained  on  July  7,  1902, 
nearly  a  month  before  it  was  observed  elsewhere  after  its  con- 
junction with  the  Sun. 

Blue  Hill  Meteorological  Observatory. — The  work  of  the 
Observatory  was  performed,  under  the  direction  and  at  the 
expense  of  Mr.  Rotch,  by  the  three  assistants  formerly  em- 
ployed. The  special  investigations  in  1902  included  determina- 
tions by  day  and  night  of  the  atmospheric  refraction  above  land 
and  water,  and  a  few  measurements  of  the  quantity  of  carbon 
dioxide  in  the  air  and  of  the  electrical  potential  of  the  air,  by 
Mr.  G.  W.  Pkkari).  Commencing  in  December,  kite-flights 
were  made  on  a  fixed  day  each  month,  in  co-operation  with  sim- 
ultaneous ascensions  of  balloons  and  kites  in  Europe.     The 
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mean  altitude  above  the  sea  of  the  meteorograph  in  the  ten 
flights  at  Blue  Hill  was  9,200  feet,  which  is  1,925  feet  above  the 
mean  of  the  flights  during  the  preceding  year,  and  is  the  highest 
annual  average  yet  attained.  The  maximum  altitude  of  14,060 
feet  exceeds  by  1,510  feet  the  highest  flight  of  the  year  before. 
Mr.  Rotch's  project  of  exploring  the  atmosphere  above  the 
tropics  and  the  Equator  with  kites  flown  from  a  steamship  was 
approved  by  the  International  Aeronautical  Congress  that  met 
at  Berlin  in  May,  and  he  has  requested  a  grant  from  the 
Carnegie  Institution  to  partially  defray  the  cost  of  the  expedi- 
tion. The  Observatory  is  being  remodeled,  and  a  much  needed 
fireproof  building  for  the  library  and  records  generously  added 
by  Mr.  Rotch,  at  an  approximate  cost  of  $6,000. 

Library. — The  library  of  the  Observatory  has  been  in- 
creased by  292  volumes  and  973  pamphlets.  The  total  numbers 
of  volumes  and  pamphlets  in  the  library  on  October  1,  1902, 
were  10,369  and  17,179,  respectively.  Special  efforts  are  being 
made  to  render  the  meteorological,  as  well  as  the  astronomical, 
collection  of  publications  here  and  at  Arequipa  as  complete  as 
possible.  Owing  to  the  number  of  buildings  connected  with  the 
Observatory,  duplicates  of  important  publications  are  in  con- 
stant use.  Every  year  the  need  Of  additional  space  for  books 
is  becoming  more  urgent. 

Telegraphic  Announcements. — (  )f  the  22  messages  dis- 
tributed this  year,  4  were  received  from  Professor  Kki'.it/, 
Kiel,  9  from  the  Lick  Observatory,  3  from  the  Verkes  Observa- 
tory, 2  from  Professor  Pkooks.  and  one  each  from  four  other 
sources.  The  distribution  of  the  announcements  by  telegraph 
is  continued  to  such  subscribers  as  wish  to  pay  for  the  messages. 

Time  Service. — On  June  14,  1902,  a  new  system  <>f  public 
lime  signals,  devised  by  Mr.  C_h-:kkisii .  was  put  into  operation, 
incandescent  electric  lights  are  made  to  pulsate  in  response  to 
the  telegraphic  signals  of  the  standard  clock,  reproducing  visu- 
ally the  regular  standard  signals  which  have  hitherto  been  sent 
out  by  telegraph. 

Publications.— Volumes  XXXVI.  part  11,  XXXVlll,  XLI. 
Xos.  VII.  VIII.  and  IX.  XL111,  part  II,  and  XLVIII, 
Xo.  I,  have  been  printed  and  distributed.  Volume  XL1V. 
part  II,  Reduction  of  Observations  made  with  the  Meridian 
Photometer  during  the  years   1892  to   1898,  is  in  type.      Fifty- 
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five  pages  of  volume  XLVI,  Observations  of  Southern  Stars, 
made  with  the  Meridian  Photometer  in  1899,  17  pages  of  vol- 
ume XLVII,  Observations  of  Photographic  Variables,  pages  39 
to  83  of  volume  XLVI  1 1,  Observations  of  the  Light  Curve  of 
Nova  Persei,  No.  2,  and  14  pages  of  volume  XLIX,  Photo- 
metric Observations  made  with  the  East  equatorial,  are  in  type. 
The  first  forty-five  volumes  of  the  Annals  are  therefore 
completed,  with  the  exception  of  volumes  XXXIX,  XLIII, 
and  XLIV,  of  which  the  first  portions  only  have  been  dis- 
tributed. The  four  volumes  following  XLV  have  also  been 
begun.  Four  circulars  have  been  issued  during  the  year: 
62.  Spectrum  of  Lightning  ( November  16,  1901 ) ;  63.  An 
Asteroid  Orbit  of  Great  Eccentricity   (November  19,  1901); 

64.  Early  Observations  of  Algol  Stars   (January   18,   1902)  ; 

65.  A  New  Algol  Variable  (May  6,  1902). 

The  building  containing  the  collection  of  photographs  of  the 
sky  had  become  so  crowded  that  no  room  was  available  for  the 
additional  photographs  which  are  made  on  every  clear  night, 
and  yet  the  value  of  the  collection  is  increasing  every  year,  and 
furnishes  the  only  existing  history  of  the  stellar  universe  for 
a  definite  number  of  successive  years.  A  friend  has  presented 
the  Observatory  with  $20,000,  making  no  condition  except 
that  the  name  of  the  donor  should  not  be  mentioned.  A  portion 
of  this  gift  has  enabled  the  Director  to  add  to  the  building  con- 
taining these  photographs  a  fireproof  wing  of  plain  brick ;  it  will 
provide  for  the  growth  of  the  collection  during  the  next  ten  or 
fifteen  years.  Again,  recent  experiments  have  proved  that  a 
large  reflector  will  show  stars  so  faint  that  their  study  with 
other  telescopes  is  impossible.  We  have  contracted  with  the 
firm  of  Alvan  Clark  &  Sons  for  a  mirror  two  feet  in  diameter, 
to  be  used  first  on  the  northern  and  then  on  the  southern  stars, 
thus  extending  our  work  to  vast  multitudes  of  stars  hitherto 
beyond  our  reach.  The  mounting  will  be  constructed  in  our 
own  workshop  with  a  great  saving  of  expense.  It  is  hoped 
that  results  will  be  such  as  to  influence  others  by  the  example 
of  this  gift,  so  that  the  other  departments  of  the  Observatory 
may  be  made  to  correspond  to  its  great  development  in  certain 
directions.  The  library  of  the  Observatory,  one  of  the  most 
complete  and  valuable  in  the  world,  is  in  a  wooden  building 
half  a  century  old  and  is  liable  to  destruction  by  fire  at  any  time. 
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The  building  containing  the  photographic  laboratory  and 
machine  shop  is  also  of  wood  and  wholly  inadequate  for  these 
purposes. 

Another  anonymous  gift  has  been  received,  which  is  of 
interest  as  suggesting  a  much  wider  field  of  usefulness  for  the 
Observatory  than  it  now  occupies.  This  gift  at  present 
amounts  to  $70,000,  of  which  $10,000  is  at  once  available.  The 
income  may  be  used  for  any  astronomical  work,  whether  under- 
taken at  the  Harvard  Observatory  or  elsewhere.  The  first 
appropriation  was  made  last  summer  to  furnish  an  assistant  at 
another  observatory,  so  that  one  of  the  largest  telescopes  in 
the  world  could  be  used  during  hours  at  which  it  would  other- 
wise be  idle.  The  Director  of  the  Harvard  Observatory  is 
always  likely  to  know  of  ways  in  which  money  could  be  ex- 
pended to  especial  advantage  for  astronomical  research.  A 
pamphlet  was  published  in  1886  by  the  undersigned,  recom- 
mending the  establishment  of  such  a  fund,  and  in  1890  Miss  C. 
W.  Bruce  gave  $6,000,  which  was  expended  in  this  way.  It 
is  believed  that  the  results  attained  show  how  advantageously 
such  a  fund  can  be  administered  here.  The  usefulness  of  this 
Observatory  would  be  greatly  increased  if  it  should  become 
an  important  part  of  the  duty  of  its  Director  to  aid  other 
observatories  and  astronomers,  to  secure  observations  in 
neglected  departments  of  astronomy,  and  to  enable  competent 
observers  to  use  the  numerous  large  and  valuable  telescopes 
now  idle.  It  seems  as  if  the  moral  effect  of  thus  bringing 
together  the  astronomers  of  the  world  so  that  they  might  work 
harmoniously  on  researches  too  large  to  be  undertaken  by  any 
one  of  them,  must  appeal  to  some  of  the  many  friends  and 
patrons  that  astronomv  has  always  had.  The  pamphlet  men- 
tioned above  contains  the  reasons  for  believing  that  great  perm- 
anency of  good  management,  and  efficiency  in  the  expenditure 
of  such  a  fund  could  be  attained  here.  At  least,  the  present 
condition  of  the  Observatory  is  such  as  to  insure  the  immediate 
expenditure  of  several  thousand  dollars  a  year  to  great  advan- 
tage in  this  way. 

Edward  ('.  Phkikixo.  Pircctor. 
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THE   CINCINNATI   OBSERVATORY. 

As  the  staff  of  the  observatory  consists  of  but  two, — the 
director  and  one  assistant, — as  considerable  teaching  is  required, 
the  scientific  work  that  can  be  accomplished  is  quite  limited. 

Observations  for  the  variation  of  latitude,  undertaken  in 
connection  with  the  International  Geodetic  Association,  have 
been  prosecuted  during  the  year  1902  as  usual.  For  this  work 
the  zenith  telescope  loaned  by  the  U.  S.  Coast  and  Geodetic 
Survey  has  been  employed.  This  instrument  is  by  Wan- 
schaff,  and  is  similar  in  construction  to  those  of  the  four  main 
stations,  but  somewhat  smaller.  The  number  of  pairs  of  stars 
secured  is  as  follows : — 

January  .  .  .116 
February  .  .  86 
March  ....  130 
April  .   .    .    .118 

May 154 

June    ....  122 

Total  .  1,435 
The  meridian-circle  has  been  employed  in  the  redetermina- 
tion of  the  stars  of  Piazzi's  catalogue  north  of  the  equator. 
About  3,000  observations  were  secured,  and  this  scheme  of 
work  is  now  nearly  completed. 

The  weather  during  the  year  has  been  much  more  unfavor- 
able than  in  1901.  J.  G.  Porter,  Director. 


July.   .   .    . 

.  166 

August  .   . 

.165 

September . 

•    15 

October  .  . 

•  155 

November  . 

.136 

December . 

.    72 

INTERNATIONAL  LATITUDE  STATION,   URIAH,   CALIFORNIA. 

The  programme  of  the  International  Geodetic  Association 
for  observing  variations  of  latitude  was  continued  throughout 
1902  without  modification  or  interruption.  The  number  of 
pairs  observed. in  each  month  is  given  below: — 

1902,  January  .    .    .150  pairs  1902,  July 207  pairs 

February   .   .    37  August  .   .   .215 

March  ....  188  September.  .  180 

April  .   .    .   .167  October .   .   .194 

May 173  November.  .  157 

June    .   .    .   .199  December.   .  155 

The  total  number  is  2,022.  The  conditions  that  prevailed 
in  February  are  not  likely  to  be  repeated  here  soon ;  during 
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this  month  19.4  inches  of  rain  fell,  more  than  during  any  other 
month  since  1877,  when  the  meteorological  records  for  this 
place  were  begun. 

Besides  these  observations  for  latitude  proper,  auxiliary 
observations  were  made  for  determinations  of  the  instrument's 
position  and  adjustment,  of  the  micrometer  value,  of  the  values 
of  the  level  spaces,  and  of  the  periodic  errors  of  the  micrometer- 
screw.  Frank  Schlesinger. 
2  Jan.,  1903. 


GENERAL    NOTES. 


By  Frank  Schlesinger. 


The  Constant  of  Aberration  and  the  Solar  Parallax. — Re- 
cent series  of  observations,  and  the  recomputation  of  earlier 
ones  when  the  variation  of  latitude  is  taken  into  account,  indi- 
cate that  the  value  hitherto  assigned  to  the  constant  of  aberra- 
tion is  too  small  by  about  o".05.  It  is  only  a  few  years  since 
the  heads  of  four  national  observatories  and  several  other 
prominent  astronomers  met  at  Paris  to  recommend  a  series  of 
constants  for  uniform  use  in  the  ephemerides.  The  value  of 
the  aberration  there  adopted  was  2o".47,  replacing  Struve's 
classic  value  of  20". 445 ;  but  now  it  seems  nearly  certain  that 
the  true  value  is  above  20". 50,  and  probably  20". 52  would  be 
the  nearest  estimate  which  our  present  knowledge  permits  us 
to  make.* 

So  far  as  the  requirements  of  the  ephemerides  are  con- 
cerned, this  modification  of  the  value  of  the  aberration  would 
not  be  of  great  consequence ;  at  most  it  corresponds  to  a  change 
of  a  few  hundredths  of  a  second  of  arc  in  the  "  reduction  to 
apparent  place "  of  the  stars.  But  when  we  consider  the 
aberration  in  connection  with  the  solaf  parallax,  for  example, 
a  change  of  0^.05  is  a  most  important  one.  These  two  quanti- 
ties (usually  denoted  by  k  and  *  respectively)  are  related  to  V, 
the  velocity  of  light  in  vacuo,  by  the  simple  equation, 
k  X  «■  X  V  =  a  constant 

This  constant  is  known  with  great  precision,  its  probable 

error  not  exceeding  one  part  in  twenty  thousand.    The  velocity 

of  light  is  also  known  quite  accurately, — compared  with  our 

knowledge  of  k  and  of  tt., — its  probable  error  not  being  greater 

than  one  part  in  two  thousand.     If  we  replace  the  constant 

and  V  in  the  above  equation  by  their  standard  values,  we  get 

a  relation  between  k  and  ir.    The  table  below  showrs  what  values 

of  the  solar  parallax  would   follow   from  various  values  of 

the  aberration  when  we  use  this  relation : — 

20". 445  (Struve's  value).. 8". 813 

20    47     (Paris  Conference) 8  .802 

20  .52     '. 8  .781 

*  In  Astronomical  Journal  No.  529,  which  has  come  to  hand  since  this  note  was  writ- 
ten, Dr.  Chandler  expresses  the  conviction  that  the  "real  value  of  this. much  disputed 
constant  is  likely  to  be  found  near  or  slightly  above  2o".52." 
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Thus  we  see  that  the  new  value  of  the  aberration  implies  a 
solar  parallax  about  o".02  smaller  than  the  usually  accepted 
value  of  8".8o.  The  latter  is  the  result  of  so  much  labor  and 
ingenuity  that  we  should  hardly  expect  it  to  be  in  error  by  so 
much,  and  it  is  therefore  difficult  to  reconcile  me  results  of 
observations  on  these  two  constants.  Perhaps  the  completion 
of  the  Eros  work  and  the  more  accurate  knowledge  of  latitude 
variations  that  is  now  being  accumulated  may  cause  this  diffi- 
culty to  disappear. 

In  this  connection  there  is  another  consideration  which 
should  be  rfjentioned,  though  it  is  rather  of  philosophical  than 
of  practical  interest.  The  equation  which  we  have  used  to 
connect  the  aberration  with  the  solar  parallax  and  the  velocity 
of  light  has  never  been  rigorously  demonstrated.  It  is  equiva- 
lent to  the  explanation  advanced  by  Bradley  when  he  discov- 
ered the  aberration  nearly  two  centuries  ago  (1729).  Now,  in 
Bradley's  time  the  corpuscular  theory  of  light,  resting  on  the 
great  authority  of  Newton,  was  universally  accepted;  and  if 
this  theory  were  the  true  one,  Bradley's  explanation,  arid 
therefore  our  equation,  would  be  rigorously  demonstrated. 
We  know  now  that  light  is  a  series  of  undulations  in  the  ether, 
and  that  Bradley's  explanation  is  no  longer  satisfactory.  The 
difficulty  arises  from  the  unknown  effect  of  the  relative  motion 
of  Earth  and  ether.  The  reader  is  referred  to  the  article  on 
"Ether"  by  J.  G.kkk  Maxwell  in  the  Encyclopedia  Bntan- 
nica  (Ninth  Edition,  Vol.  Y1I1,  pp.  503  et  seq.),  and  to  Mr. 
Seat.kokk's  presidential  address,  printed  in  the  Journal  of  the 
British  Astronomical  Association  (Vol.  XII,  \o.  I).  This 
problem  demands  the  use  of  the  most  re  lined  mathematical 
analysis.  It  has  been  attacked  by  some  strong  men,  but  a 
complete  solution  is  still  wanting,  and  some  unpalatable  as- 
sumptions have  been  made  with  regard  to  the  nature  of  the 
ether.  While  we  need  hardly  fear  a  modification  of  our 
equation  to  a  degree  which  present  methods  of  observation 
could  appreciate,  it  would  certainly  be  a  great  satisfaction  to 
know  just  how  close  an  approximation  it  is  and  to  have  a  com- 
plete theory  of  aberration. 


The  Difficulty  of  Dctci  mining  the  Constant  of  .  Ibcrration. — 
The  two  constants  that  we  have  been  discussing  happen  tr>  be 
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among  the  most  difficult  to  determine  among  all  those  with 
which  astronomy  has  to  do.  That  this  is  true  of  the  solar 
parallax  is  well  known  and  understood,  but  the  difficulty  of 
determining  the  constant  of  aberration  seems  not  to  be  so 
generally  recognized.  In  considering  the  accuracy  attainable 
for  various  astronomical  phenomena,  an  obvious  distinction 
presents  itself  between  such  as  are  accumulative  in  their  char- 
acter and  those  that  are  periodic  or  stationary.  The  former 
have  a  faculty  of  taking  care  of  themselves,  so  to  speak,  with 
the  lapse  of  time.  For  example,  we  can  determine  the  annual 
precession  of  the  equinoxes  with  any  required  degree  of  accu- 
racy from  two  series  of  observations  of  the  Sun  and  the  stars, 
no  matter  how  rough  these  may  be,  providing  only  that  the 
interval  of  time  between  the  two  series  be  great  enough.  From 
a  comparison  of  the  observations  of  Hipparchus  and  of  Tycho 
Bra  he  we  can  get  the  annual  precession  with  greater  accuracy 
than  attaches  at  present  to  many  of  the  constants  of  astronomy. 
In  this  class  with  precession  belong  the  proper  motions  of 
the  stars,  the  rotation  periods  of  the  Sun  and  the  planets,  the 
periods  of  revolution  (and  therefore  the  relative  distances)  of 
planets  around  the  Sun  and  of  satellites  around  planets,  the 
periods  of  variable  and  binary  stars,  and  indeed  all  the  periods 
in  astronomy. 

The  other  class  of  phenomena,  those  which  receive  no  such 
powerful  aid  from  time,  are  not  susceptible  of  so  great  accu- 
racy. These  must  depend  upon  the  mere  accumulation  of 
observations  or  upon  improvements  in  instruments  and 
methods.  The  number  of  astronomical  phenomena  here  in- 
cluded is  practically  without  limit,  but  among  them  we  may 
distinguish  as  especially  difficult  of  determination  those  that 
have  an  annual  period;  the  absolute  parallax  of  a  fixed  star 
and  the  aberration  are  examples.  Either  of  these  depends 
essentially  upon  the  accurate  observation  of  the  place  of  a  star 
at  two  opposite  seasons  of  the  year.  Now,  it  would  be  desira- 
ble that  these  observations  should  be  made  under  nearly  uni- 
form conditions,  but  it  is  easy  to  see  that  changes  of  season 
make  this  impossible.  Let  us  suppose,  for  example,  that  the 
apparent  place  of  the  star  varies  slightly  with  temperature; 
then  our  summer  results  will  differ  systematically  from  those 
of  the  winter,  and  error  will  creep  into  our  determination  of 
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parallax  or  aberration.  It  is  true  that  the  effects  of  tempera- 
ture are  understood  and  may  be  approximately  allowed  for, 
but  there  are  other  effects  that  come  with  the  changes  of 
season  which  have  not  been  reduced  to  law,  or,  worst  of  all, 
whose  very  existence  is  not  suspected.  No  better  example  in 
this  connection  could  be  cited  than  Airy's  experience  with  the 
reflex  zenith-tube  at  Greenwich.  A  long  and  careful  series  of 
observations  upon  a  certain  star  with  this  instrument  yielded 
a  value  for  the  aberration  which  is  certainly  too  small  by 
nearly  o".2.  It  was  not  until  long  after  the  instrument  had 
been  all  but  abandoned  that  the  mystery  was  explained  away  by 
Chandler;  the  latitude  variation  (a  phenomenon  unsuspected 
by  Airy  or  any  of  his  contemporaries)  has,  among  others,  an 
annual  term.  These  others  are  eliminated,  so  far  as  the  aberra- 
tion is  concerned,  in  a  series  of  observations  extending  over 
many  years.  But  as  the  annual  term  did  not  vary  to  any 
great  extent  in  this  period,  its  effects  were  practically  repeated 
from  year  to  year,  and  were  closely  interwoven  with  those  of 
the  aberration  itself,  the  periods  of  the  two  being  identical. 
The  annual  term  in  the  latitude  variations  certainly  has  its 
cause  in  the  changes  of  season,  and  we  may  be  sure  that  similar 
effects,  though  perhaps  none  so  great,  lie  hidden  in  observations 
of  our  day  and  of  the  past,  to  be  unearthed  by  astronomers  of 
the  future.  

Comet  Xotcs. —  Four  comets  were  discovered  in   1902 — 
a    by    Brooks,        Geneva,  N.  Y  ,         on    April   14. 
b    by    I'krkini-:,       Lick   Observatory,  on    August  31. 
c    by    Okioo,  New  Zealand,  on    July  23. 

d  by    Giacobim,    Nice,  on    December  2 

Comet  b  (  Fkkkink  )  was  for  several  weeks  an  easy  naked- 
eye  object,  having  attained  at  one  time  the  brightness  of  a 
fourth-magnitude  star.  This  comet  is  also  interesting  on 
account  of  its  close  approach  to  Mercury  on  November  30th, 
which  inav  lead  to  a  valuable  determination  of  the  planet's 
mass  from  its  effect  upon  the  comet's  orbit.  Luckily  this 
comet  lias  a  well-defined  nucleus,  so  that  accurate  measures  of 
its  position  are  possible. 

Comet  c.  not  an  excessively  faint  object  and  well  located 
for  observations  in  both  hemispheres,  was  nevertheless  seen 
only   bv   its    discoverer,    Mr.    John    (1kk;<;,    of    Thames,    New 
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Zealand.  Mr.  Grigg  lacked  the  means  for  any  but  very  rough 
measurements  of  the  comet's  position ;  so  that  the  seemingly 
impossible  thing  has  happened,  in  this  day  of  many  telescopes 
and  of  telegraph  and  cable,  that  we  know  practically  nothing  of 
the  orbit  of  a  comet  which  would  probably  have  been  visible 
for  several  weeks  in  telescopes  of  moderate  size.  No  doubt 
it  happens  quite  often  that  a  comet  visits  the  solar  system 
without  being  detected  at  all;  but  if  once  seen,  usually  only  a 
few  hours  elapse  until  a  score  of  telescopes  have  been  pointed 
to  it,  at  observatories  scattered  around  the  Earth. 

Nevertheless,  comets  are  certainly  accorded  a  better  wel- 
come now  than  two  or  three  generations  ago.  Perhaps  it 
would  not  be  citing  too  extreme  a  case  to  mention  Comet 
1827  I  as  an  example  of  how  comets  were  observed  at  that 
day.  The  definitive  orbit  of  this  comet  has  been  published  in 
Astronomische  Nachrichten,  No.  3830,  by  Doctor  Stromgren. 
The  comet  was  discovered  by  Pons,  of  Florence,  on  December 
26,  1826,  and  observations  were  made  of  it  there  on  Decem- 
ber 27th,  28th,  30th,  and  31st,  but  on  no  other  dates.  Evidently 
the  news  of  the  discovery  did  not  get  abroad  until  the  middle 
of  January,  for  the  next  observation  was  made  on  January 
17th,  by  Harding,  at  Gottingen;  eight  other  observations  were 
secured  at  Bremen  and  Kremsmunster  by  January  26th,  the  last 
date  on  which  the  comet  was  seen.  But  the  inadequacy  of  the 
data  for  computing  an  orbit  does  not  appear  until  the  character 
of  the  observations  is  examined.  The  Florence  observations 
seem  to  be  inferior  to  what  one  might  make  with  the  naked  eye 
upon  a  sufficiently  bright  comet ;  the  residuals  obtained  by 
comparison  with  a  preliminary  orbit  average  over  ten  minutes 
of  arc,  even  after  rejecting  one  observation  whose  residual  is 
46'.  The  single  Gottingen  place  is  hardly  better,  the  residual 
in  R.  A.  being  5'.8,  and  in  declination  3'.6.  The  four  Krems- 
munster observations  in  their  original  form  were  very  wild, 
but  they  were  much  improved  by  Dr.  Stromgren's  new  reduc- 
tion of  them.  The  four  observations  at  Bremen  were  made  by 
Olbers,  and  are,  of  course,  good  for  that  day,  but  unfortu- 
nately they  embrace  a  period  of  only  four  days.  Thus  the  orbit 
of  this  comet  rests  on  the  eight  observations  made  at  Bremen 
and  Kremsmunster,  and  these  were  all  made  between  January 
1 8th  and  January  26th. 


5°  Publications  of  the 

Nova  Persci. — The  great  usefulness  of  the  Harvard  photo- 
graphs has  again  been  shown  by  an  important  discovery  with 
regard  to  the  early  history  of  Nova  Persci.  Father  Zwack, 
of  the  Georgetown  College  Observatory,  some  time  ago  called 
Professor  Pickering's  attention  to  a  faint  star  on  one  of  the 
early  Harvard  plates,  at  or  very  near  the  position  now  occupied 
by  Nova  Persci.  Careful  measurements  show  that  the  two 
objects'  are  in  all  probability  identical,  and  furthermore  it  ap- 
pears that  the  faint  star  was  a  variable,  with  a  range  of  about 
one  magnitude  and  a  maximum  brightness  of  the  thirteenth 
magnitude.  One  other  Nova,  that  of  1866  in  Corona  Borealis, 
is  known  to  have  existed  before  its  outburst,  having  been  re- 
corded in  the  Bonn  Durchmustcrung. 

This  discovery  with  regard  to  Noz'a  Persci  tends  still  further 
to  do  away  with  the  distinction  between  variable  and  temporary 
stars.  Indeed,  if  it  should  be  found  that  Nova  Persei  will  again 
become  variable  there  is  little  distinction,  except  in  degree,  be- 
tween its  fluctuations  and  those  of  Mira  Ccti,  for  example. 


It  was  stated  in  General  Notes,  No.  86  of  these  Publications, 
that  Eros  is  the  only  exception  to  the  rule  that  minor  planets 
should  have  feminine  names.  Professor  Turner  points  out  in 
Observatory  that  another  exception  is  presented  by  planet 
(342),  which  is  named  limlymion. 


Laws  (  )bservator\ ,  of  Missouri  I  diversity,  has  adopted  the 
method  of  publication  by  Ihilletins.  and  No.  1  has  been  dis- 
tributed. This  is  entitled  "  Observations  and  Hlemcnts  of 
Comet  b  1902  (  Perkine),"  by  Professor  F.  H.  Seares.  The 
observations  are  30  in  number,  and  extend  from  September  4 
to  (  )ctober  28,  1902.  I'pon  these  is  based  a  computation  of  the 
orbit  oi  the  comet  by  an  adaptation  of  Leusi  11  nek's  recent 
method. 


Ilcrschcl's  Nebulous  Regions. — The  elder  IIeksumee  noted 
during  his  sweeps  $2  regions  "  affected  with  nebulosity,"  and 
published  in  the  Philosophical  Transactions  brief  descriptions 
of  them,  with  their  approximate  positions  and  dimensions. 
Doctor  Isaac  Rop.ekts  has  recently  photographed  all  these 
regions  with  a  20-inch   reflector  and  exposures  of  <;o  minutes 
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each.  These  should  show,  according  to  the  estimate  of  Dr. 
Roberts,  stars  as  faint  as  the  sixteenth  or  seventeenth  magni- 
tude, but  the  result  is  reached  that  the  nebulosity  of  only  four 
of  the  regions  is  confirmed.  This  result  is  all  the  more  surpris- 
ing becausing  Herschel's  notes  do  not  indicate  that  these 
four  regions  are  more  affected  than  some  of  the  others.  As  it 
is  hard  to  understand  how  Herschel  could  be  so  greatly  mis- 
taken, and  still  more  difficult  to  see  how  these  photographs 
can  be.  in  error,  a  repetition  elsewhere  of  Dr.  Roberts's  sur- 
vey would  be  most  valuable. 
Jan.  15,  1903. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  in  the  rooms  of  the  society,  january 

31,    I903,     AT    7:30   P.M. 

President  Perrine  presided.  A  quorum  was  present.  The  minutes 
of  the  last  meeting  were  approved. 

The  following  new  members  were  duly  elected: — 

List  of  Members  Elected  January  31,  1903. 

Mr.  Wm.  Grant 104  Sutter  Street,  S.  F.f  Gal. 

LSofTaY     °F.    THE    UNiyERS,TY   °F  [Sofia,  Bulgaria,  Europe. 
Mr   John  L.  McNab Ukiah,  Cal. 

A  committee  to  nominate  a  list  of  eleven  Directors  and  Committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held  on 
March  28th,  was  appointed  as  follows:  Messrs.  Wm.  H.  Lowden  (Chair- 
man), Jos  D.  Grant,  Geo.  C.  Edwards,  Chas.  Nelson,  J.  O'B.  Gunn. 

A  committee  to  audit  the  accounts  of  the  Treasurer,  and  to  report 
at  the  annual  meeting  in  March,  was  appointed  as  follows:  Messrs. 
Chas  S  Cushing  (Chairman),  Jos.  A.  Donohoe,  L.  H.  Pierson. 

The  following  resolution  was  unanimously  adopted: — 

Resolved,  That  Mr.  Wm.  M.  Pierson,  on  account  of  the  exceptional  aid,  both  pro- 
fessional and  financial,  which  he  has  rendered  this  Society,  is  entitled  to  the  gratitude  of 
all  its  members  and  is  deserving  of  such  marks  of  esteem  as  this  Board  has  the  power  to 
grant;  and  it  is  therefore  further 

Resolved,  That  Mr  Pihrson  be,  and  he  hereby  is,  elected  a  Life  Member  of  this 
Society. 

It  was  upon  motion 

Resolved,  That  the  Reports  of  the  l.S  Commissioner  of  F.ducation  contained  m  the 
Library  he  presented  by  this  Society  to  the  Library  of  the  Cnivcrsity  of  California. 

Amf.ndmknt  to  thi;  By-Laws. 

The  following  amendment  to  the  By-Laws  was  duly  adopted  by  the 
consenting  votes  of  nine  Directors,  namely,   Messrs  C.  1)   Pkkrink,  A.  O. 

LkCSCIINKK,     S.     I).     ToWNLKY,     W.M.     M.     PlKKSON,     ClIAS.     S.    CUSHINC, 

L.  J.  Moi.kra,  A.  IL  Babcock,  V    \<    Xikl.  Miss  R    ( )'  1  Ialloran: — 

Articlk  VIII. 
Lach  active  member  shall  pay  as  annual  dues,  the  sum  of  five  dollars, 
due  on  the  first  day  of  January  of  each  year  in  advance.  When  a  new 
member  is  elected  during  the  first  quarter  of  any  year,  he  shall  pay  full 
dues  for  such  year;  when  elected  during  the  second  quarter,  he  shall  pay 
three  fourths  only  of  such  dues;  when  elected  during  the  third  quarter, 
he  shall  pay  one  half  only  of  such  dues;  when  elected  during  the  last 
quarter,  he  shall  pay  one  fourth  only  of  such  dues;  provided,  however, 
that  one  half  only  of  the  dues  in  this  article  provided  for  shall  be  collected 
from  any  member  w  ho  is  actually  enrolled  as  a  student  at  a  university, 
seminary,  high  school,  or  other  similar  institution  of  learning,  during  such 
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time  as  he  is  so  enrolled.  No  one  shall  be  deemed  an  active  member,  or 
receive  a  diploma,  until  he  has  signed  the  register  of  members,  or  accepted 
his  election  to  membership  in  writing,  and  paid  his  dues  for  the  current 
year.  Any  member  may  be  released  from  annual  dues  by  the  payment 
of  fifty  dollars  at  one  time,  and  placed  on  the  roll  of  life  members  by  the 
vote  of  the  Board  of  Directors.  Any  failure  on  the  part  of  a  member  to 
pay  his  dues  within  .six  months  after  the  time  the  same  shall  have  become 
payable,  may,  at  the  discretion  of  the  Board  of  Directors,  be  considered 
equivalent  to  a  resignation. 

Adjourned. 


Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,  held  in  the  Lecture  Hall  of 

the  California  Academy  of  Sciences, 

January  31,  1903,  at  8  p.m. 

President  Per rine  presided.  The  minutes  of  the  last  meeting  were 
approved. 

The  following  papers  were  presented: — 

The  Total  Light  of  the  Stars,  by  Dr,  S.  D.  Townlev. 

Planetary  Phenomena  for  March  aud  April,  1903,  by  Prof.  M.  McNeill. 

The  Secretary  read  the  names  of  new  members  elected. 

Mr.  Burckhalter,  in  behalf  of  the  Comet  Medal  Committee,  pre- 
sented the  Donohoe  Comet-Medal  to  Prof.  Perrine  for  his  discovery  of 
Comet  b  1902. 

The  President  then  introduced  the  lecturer  of  the  evening  Dr.  S.  D. 
Tovvnley,  who  gave  an  account  of  his  recent  investigations  in  reference 
to  the  total  light  of  the  stars.  An  abstract  of  his  paper  is  contained  in  this 
number  of  the  Publications. 

The  meeting  then  adjourned. 
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.  PtrtiVift  PimUmi 

Second  i'ic*-f*rttid**t 

Third  tVi  *  Fret  tdertt 

S'rifrlt§rjfi 


OFFICERS   OF  THE  SOCIETY 

Mr.  C»  D.  PaaatKfc     ,  ... 

Mr.  S.  D>  Tdwmlkv 

Miii  R.  O'Halloman  , 

Mr.  Cmas.  S.  Ci'.siiiM. 

Mr.  R.  G.  AiTKtw     I 

Kr.  F.  R.  Zibl  | 

Mr,  F.  R.  Zihu t  TrrasHTtT 

Sjard  &/  Directors— Mam.  Aitkkn,  BAKUCV,  Camj-hkll,  LVwjttQ,  Lruscm***,  Moleb*, 

MUs  O'Halloran,  Mesbr*.  Pkkrine.  Pibrson,  Tuwmliv,  Zirl, 
Fmattct  Cam  mi f  tee — M«»a  FutR«.ON,  Cushikg,  Ha&cock 
Committee  <w  Publication—  Meurs.  Aitrrn.  Galluhay,  Schlr&incrr. 
Library  Committee—  M r.  Tow n l  k v *  M is*  0 ' H  a ujo hah,  Mr,  Br asc h . 
Commit  tie  on  the  f(W^-,^(Ai/-Me«n,  CAfttPUtLL  {ex-ojfiao),  Pierson,  UeitCK.HAi.TaR. 

OFFICERS  OF  THE  CHICAGO  SECTION, 
Extendi*  Committee— Mr*  Ruthvin   W,    Pikb. 

OFFICERS  OF  THE  MEXICAN  SECTION. 

Executive  Committee— Mr.  FuLirK  Vallk. 


NOTICE. 

The  attention  of  new  members  is  called  io  Article  VIII  of  the  By-La  wit  which  provides 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only*  Sub&equent 
annual  payments  are  due  on  January  ist  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  lo  make  our  book  keeping  is  simple  M  possible.  Dues  sent  by  mail 
should  be  directed  to  Astronomical  Society  of  ihe  Pacific,  flio  Market  Street,  Son  Francisco. 

]  t  Is  Intended  that  each  member  ot  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  be  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  In  Ihis  matter,  it  is  requested  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  n re  requested  io  preserve  the  copies  of  Ihe  PmMicatumM  of  the  Soriety  as  sent  lo 
them.  Once  each  year  a  tkle-puge  atid  contents  of  the  preceding  numbers  will  also  be  sent 
io  the  memhets,  who  can  then  hind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  stock  in  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-Fesi dent  member  within  (he  I'niled  Stales  can  obtain  books  from  the  Society's  library 
by  sending  his  library  card  with  ten  cents  in  stamps  to  ihe  Secretary  A.  S.  P.,  &19  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  *  ml. 

The  Corn  mi  (tee  on  Publication  desires  to  say  thai  the  order  in  which  papers  are 
printed:  in  the  Publications  is  decided  simply  by  convenience*  In  a  genera!  way,  those 
pipers  are  printed  first  which  are  earliest  accepted  for  publication.  It  is  not  possible  lo 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  ihe  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  riot  assumed  by  the  Society  itself . 

The  titles  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses,  The  Secretary  in  San  Francisco  will 
scna  to  any  member  of  ihe  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price^  as  follows:  a  block  of  tetter  paper,  40  cents;  of  note  paper t  25  cents, 
a  package  of  envelopes,  35  cents*  These  prices  include  postage,  and  should  be  remitted 
by  money -order  or  in  U.  S,  postage  ■tunn.     The  sen  dings  are  at  the  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  *'Tbe  Secretary  Astronomical  Society  of  ihe  Pacific" 
at  the  rooms  of  the  Society* Big  Market  Street,  San  Francisco,  in  order  that  arrangements 
maybe  made  for  transportation,  lodging*  etc. 
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ADDRESS  OF  THE  RETIRING  PRESIDENT  OF 
THE  SOCIETY  READ  AT  THE  FIFTEENTH 
ANNUAL  MEETING,  MARCH  28,  1903. 


By  C  D.   Perrine. 

It  has  been  the  custom  for  the  retiring  Presidents  to  address 
the  Society  on  the  occasions  of  its  annual  meetings.  The  award 
of  the  Bruce  Gold  Medal  since  its  foundation,  and  an  account 
of  the  work  of  the  recipient  has  occupied,  naturally,  the  chief 
place  in  these  annual  addresses.  As  no  award  of  the  medal  has 
been  made  this  year,  I  shall  take  the  opportunity  to  review  the 
progress  of  the  Society  in  certain  directions,  with  a  view  to 
pointing  out  some  of  its  most  useful  fields  and  urgent  neecls. 

The  formation  of  the  Society  was  almost  spontaneous,  and 
the  direct  result  of  the  solar  eclipse  of  New  Year's  day,  1889, 
when  so  many  of  the  amateur  photographers  visited  the  region 
of  totality  in  northern  California.  At  the  time  of  its  organiza- 
tion, the  Astronomical  Society  of  the  Pacific  was  the  only  active 
astronomical  association  in  the  United  States,  amateur  or  pro- 
fessional. 

One  of  the  first  acts  of  the  Society  was  to  commence  a  series 
of  Publications  to  contain  popular  accounts  of  current  astro- 
nomical work  and  observations  made  by  its  members.  As  there 
were  at  this  time  but  two  journals  in  America  devoted  entirely 
to  astronomical  science,  there  was  also  a  wide  and  useful  field 
for  the  Society's  publications  in  printing  original  investigations. 
This  field  was  at  once  occupied  as  fully  as  the  conditions  would 
permit.  Although  the  Society  was  organized  almost  wholly  of 
persons  interested  in  astronomy  as  a  pastime  only,  it  now  num- 
bers many  prominent  scientists  among  its  members,  and  there 
has  been  much  substantial  scientific  work  in  its  proceedings 
from  the  first.    The  result  has  been  that  its  publications  have 
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taken  and  fill  an  honorable  place  with  the  scientific  institutions 
and  individuals  of  the  world,  as  well  as  maintaining  the  original 
aim  of  the  Society,  to  diffuse  current  astronomical  information 
in  a  form  to  be  understood  by  the  non-professional. 

Early  in  the  history  of  the  Society,  substantial  foundations 
began  to  come  to  it  from  its  wealthy  members.  The  first  of 
these  was  the  Comet-Medal  established  by  Joseph  A.  Donohoe. 
A  number  of  medals  and  prizes  for  the  discovery  of  comets  had 
been  awarded  during  the  previous  half -century.  These  were 
given  principally  by  European  rulers  and  one  or  two  scientific 
societies,  and  were  awarded  in  specific  cases.  There  was  no 
permanent  foundation  for  any  of  them,  and  all  have  been  dis- 
continued. Mr.  Donohoe's  gift  was  sufficient  to  maintain  a 
medal  in  perpetuity.  This  medal  is  intended  solely  as  a  recog- 
nition of  the  discovery  of  an  unexpected  comet,  and  in  no  way 
as  a  reward. 

The  Donohoe  Comet-Medal  foundation  was  soon  followed 
by  the  gift  of  a  fund  by  Alexander  Montgomery  for  the  pur- 
chase of  the  nucleus  of  an  astronomical  library  and  for  its  main- 
tenance. With  this  beginning  the  library  has  grown  rapidly, 
principally  through  accessions  by  gift  from  observatories  and 
scientific  societies,  until  it  now  numbers  over  twelve  hundred 
bound  volumes  and  a  large  number  of  pamphlets.  One  of  the 
very  useful  fields  for  the  Society  is  to  own  a  complete  astro- 
nomical library,  and  to  have  it  available  for  reference  purposes. 

In  1897  Miss  Catherine  Wolfe  Bruce,  who  has  done  so 
much  for  astronomical  science  on  both  sides  of  the  Atlantic, 
gave  the  Society  a  sum  of  money  sufficient  to  maintain  a  gold 
medal,  to  be  awarded  to  those  astronomers  who  have  done  most 
to  advance  the  science.  The  Bruce  Gold  Medal,  like  the  Dono- 
hoe Comet-Medal,  is  international  in  character. 

In  1892  it  was  decided  to  place  the  fees  of  the  life  members 
in  a  separate  fund,  so  long  as  the  member  lived.  At  his  death 
the  fee  was  to  be  used  for  the  general  expenses  of  the  Society. 
Previous  to  this  time  all  such  fees  had  been  put  into  the  General 
Fund.  After  1892,  however,  all  the  fees  received  from  life 
members  were  placed  in  the  Life  Membership  Fund,  and  any 
surplus  general  funds  at  the  end  of  the  year  were  also  trans- 
ferred toward  the  representation  of  the  full  number  of  life  mem- 
bers, until  at  present  this  fund  contains  $1,700.     As  there  are 
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seventy  life  members,  the  present  balance  is  only  about  half  as 
large  as  it  should  be.  This  fund  is  intended  as  a  guarantee  to 
the  members  who  have  paid  their  dues  long  in  advance. 

The  Society  has  suffered  the  loss  by  death,  during  the  past 
year,  of  several  of  its  members.  Two  of  them  bequeathed  sub- 
stantial sums  of  money  to  the  Society:  Mr.  Morris  Reiman, 
of  Chicago,  left  the  sum  of  $500,  and  Mr.  John  Dolbeer,  of 
San  Francisco,  the  sum  of  $5,000.  I  believe  that  no  conditions 
have  been  attached  to  either  of  these  gifts.  They  can,  therefore, 
be  used  in  the  way  most  beneficial  to  the  Society.  It  is  not  too 
much  to  say  that  such  bequests  are  of  the  highest  possible  value. 
They  are  extremely  adaptable  and  thus  available  for  a  great 
variety  of  purposes. 

Such  bequests  should  be  made  of  perpetual  use,  by  treating 
them  as  endowments  or  expending  them  for  some  concrete  pur- . 
pose.  In  the  present  state  of  our  Society,  with  so  many  funds 
already  established  for  specific  purposes,  and  the  need  for  a 
larger  yearly  income,  there  can  be  no  doubt  as  to  the  disposi- 
tion that  should  be  made  of  them.  They  should  be  invested  in 
good  interest-bearing  securities  and  the  incomes  only  used. 
Each  fund  should  be  kept  entirely  distinct,  and  should,  of 
course,  bear  the  name  of  the  donor.  The  incomes  should  be 
expended,  as  far  as  possible,  for  some  particular  purpose,  so 
that  proper  recognition  may  always  be  accorded  and  the  use- 
fulness of  such  gifts  traced. 

The  income  of  the  Reiman  Fund  may  very  properly  accu- 
mulate for  several  years  until  there  is  sufficient  to  furnish  a 
high-class  illustration  for  one  of  the  Publications.  Such  illus- 
trations are  badly  needed. 

The  greater  income  from  the  Dolbeer  Fund  will  fill  a  larger 
field.  The  most  pressing  need  now  is  towards  an  enlargement 
of  our  Publications  and  a  greater  number  of  illustrations  for 
them  of  the  highest  excellence.  No  better  immediate  use  can 
be  found  for  the  income  from  this  fund  than  to  supply  some  of 
these  urgent  needs  of  the  Publications.  If  these  wants  are  sup- 
plied later  through  other  channels, — and  it  is  hoped  that  they 
w;il  be, — the  income  of  the  Dolbeer  fund  would  be  relieved  and 
could  be  applied  to  other  purposes.  I  may  mention  some  ways 
in  which  such  incomes  could  be  most  usefully  expended. 

Our  knowledge  of  comets,  particularly  of  their  origin  and 
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family  history,  is  to  be  increased  principally  through  observa- 
tions of  those  which  are  permanent  members  of  the  solar  system. 
Many  periodic  comets  have  been  discovered,  but  a  large  pro- 
portion of  them  have  been  missed  at  subsequent  returns  to  peri- 
helion and  entirely  lost.  The  searching  for  these  bodies  at  their 
predicted  returns  is  usually  done  at  some  of  the  large  observa- 
tories having  powerful  telescopes,  and,  recognizing  the  impor- 
tance of  the  work,  it  is  conscientiously  prosecuted.  In  many 
cases  where  the  return  of  such  a  comet  has  been  missed  it  is 
undoubtedly  because  the  comet  has  become  too  faint  to  be  seen 
even  with  powerful  telescopes.  But  it  is  probable  that  some 
comets,  at  least,  have  been  missed  because  unknown  disturb- 
ances in  their  orbits  have  occurred,  which  caused  them  to  be  so 
far  from  their  predicted  places  as  to  be  beyond  the  region 
searched.  The  field  of  a  large  telescope  is  so  limited  that  it  is 
only  possible  to  sweep  over  a  comparatively  small  area  of  sky 
in  the  time  usually  available  for  such  searches.  When  near 
perihelion  and  at  their  greatest  brightness,  these  comets  are 
frequently  on  the  opposite  side  of  the  Sun  from  the  Earth,  and 
so  nearly  in  the  same  line,  that  only  a  short  time  is  available 
after  sunset  or  before  sunrise  for  the  search.  It  is  therefore 
desirable  for  as  many  observers  as  possible  to  take  part  in  the 
searches.  Encouragement  is  needed  to  induce  those  not  now 
engaged  in  such  work  to  take  it  up.  The  best  form  for  such 
encouragement  would  be  money  prizes  for  the  rc-discoverv  of 
>uch  periodic  comets  as  have  been  observed  at  only  one  appa- 
rition, or  those  which  are  o\  special  importance  and  are  likely 
to  pass  unobserved.  The  amount  of  the  prize  could  be  varied 
according  to  the  importance  of  the  discovery. 

Another  held  which  rcjuires  exploiting  is  that  of  simplifying 
the  numerical  operations  in  astronomical  computations  and 
adapting  mechanism  to  the  solution  of  problems  which  must  be 
repeated  many  times.  The  growth  oi  astronomical  work  has 
been  so  rapid  that  there  is  now  in  all  observatories  and  com- 
puting bureaus  a  great  amount  of  routine  calculation. 

Calculating-machines  have  been  invented  to  perform  the 
simple  arithmetical  operations  and  have  proven  most  valuable. 
We  need,  however,  to  no  a  step  farther  and  put  some  steel 
brains  into  them,  so  that  they  will  perform  all  the  operations  in 
a  given  problem,  c.   -.  the  computation  of  ephemerides,  reduc- 
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tions  of  star-places,  etc.  Many  of  these  special  problems  can 
be  solved  by  machinery,  and  the  time  has  come  to  encourage 
its  invention.  This  can  best  be  done  by  offering  substantial 
prizes  for  machines  which  will  satisfactorily  do  specific  pieces 
of  work. 

It  is  one  of  the  functions  of  a  scientific  society  to  assist  in- 
vestigators and  inventors  in  the  solution  of  special  problems. 
Instances  of  members  of  this  Society  supplying  such  aid  are  not 
wanting.  I  need  only  mention  such  names  as  Mills,  Crocker, 
Hearst,  Bruce,  Dolbeer,  and  Pierson  to  recall  some  of  them. 

The  wide  field  that  is  open  to  our  publications  has  already 
been  spoken  of.  This  field  is  only  partially  occupied  at  present, 
owing  to  a  lack  of  funds.  The  income  from  the  members,  after 
meeting  the  general  expenses  of  the  Society,  is  only  sufficient  to 
maintain  the  publications  in  their  present  quantity.  A  Publica- 
tion Fund  of  $25,000  is  badly  needed  to  permit  of  the  necessary 
expansion  and  improvement.  The  income  from  such  a  fund, 
together  with  the  amount  which  would  be  available  from  the 
General  Fund,  would  meet  this  demand. 

Another  of  the  ways  in  which  the  Society  can  be  very  use- 
ful is  in  creating  and  maintaining  an  interest  in  actual  observa- 
tion of  the  heavens.  In  San  Francisco  there  are  many  people 
who  are  already  interested  in  astronomy  and  many  more  who 
would  become  interested  and  find  pleasure  and  instruction  in 
looking  at  the  wealth  of  objects  which  are  to  be  seen  with  a 
telescope  of  some  power.  The  matter  of  an  observatory  for  the 
Society  was  broached  a  number  of  years  ago  and  a  site  in 
Golden  Gate  Park  secured.  I  take  this  occasion  to  again  call 
attention  to  the  desirability  of  such  an  establishment.  An 
equatorial  telescope  of  ten  or  twelve  inches  aperture,  with  the 
necessary  accessories  and  a  suitable  dome  and  observatory 
building,  would  cost  about  $10,000. 

I  have  spoken  freely  of  some  of  the  more  important  ways  in 
which  the  Society  can  be  aided  financially,  in  the  hope  that 
some  of  our  members,  knowing  of  them,  may  be  able  to  assist 
in  supplying  them. 

The  broadening  influence  of  science,  and  particularly  as- 
tronomy, cannot  be  overestimated.  As  the  public  school  has 
become  the  birthright  of  every  American  boy  and  girl,  so  will 
a  knowledge  of  science  be  looked  upon  in  future  years  as  a 
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necessary  part  of  their  course  of  study  and  one  of  the  most 
potent  of  civilizing  forces. 

Perhaps  the  most  important  of  the  fields  open  to  our  Society 
is  that  of  diffusing  a  more  general  knowledge  of  astronomical 
science. 

A  suggestion  has  been  made  by  one  of  our  members  which, 
if  it  can  be  carried  out,  would  be  most  fitting  and  in  many  ways 
a  benefit  to  the  Society.  It  is  that  the  Society  become  one  of 
the  affiliated  institutions  of  the  State  University.  It  seems 
eminently  proper  that  scientific  societies  should  cluster  around 
a  great  University. 

It  has  been  found  that  more  or  less  confusion  in  regard  to 
finances  arose  from  the  non-coincidence  of  our  fiscal  year  with 
the  calendar  year.  To  obviate  this  difficulty  two  financial  re- 
ports are  rendered  at  this  meeting,  one  covering  the  period  from 
April  I,  to  December  31,  1902;  the  other  from  January  1,  to 
March  31,  1903. 

It  seems  to  me  that  we  should  avoid,  if  possible,  paying  a 
deficit  out  of  the  income  from  the  following  year  (which  has 
its  own  proper  demand).  Accumulated  deficiencies,  which  are 
possible  in  this  way,  will  cause  a  stagnation  and  endanger  the 
usefulness  of  the  Society. 

Article  IX  of  the  By-Laws  has  been  amended  so  that  the 
meetings  of  the  Society  are  made  more  uniform  and  convenient. 

To  encourage  students  in  universities  and  high  schools  to 
become  members  of  the  Society,  special  provisions  have  been 
made  whereby  their  fees  are  reduced  during  such  time  as  they 
are  actually  enrolled  as  students.  It  is  hoped  in  this  way  to 
give  many  an  opportunity  of  enjoying  membership  who  other- 
wise would  be  debarred  for  several  years. 

It  is  highly  desirable,  as  soon  as  arrangements  can  be  made 
to  do  so,  that  the  rooms  and  library  of  the  Society  be  kept  open 
during  the  greater  part  of  each  week-day.  The  library  should 
be  much  more  accessible  than  it  now  is. 

At  present  there  are  but  three  meetings  of  the  Society  in 
San  Francisco.  These  are  public  meetings.  A  system  of 
informal  meetings  for  reading  and  discussion,  if  inaugurated 
by  the  members  residing  in  and  about  San  Francisco,  would  be 
found  very  helpful.  Such  meetings  could  be  held  monthly,  or 
weekly  if  desirable. 
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In  conclusion,  I  wish  to  thank  the  officers  and  members  of  the 
Society  for  their  cordial  help  and  co-operation  during  the  past 
year.  Without  such  assistance  my  duties  would  have  been 
much  less  easy. 

Mt.  Hamilton,  Cal.,  March  16,  1903. 


PARALLAX    OF    THE    BINARY     SYSTEM    DELTA 

EQUULEI* 


By  W.  J.  Hussey. 


The  object  of  this  communication  is  to  present  a  value  of  the 
parallax  to  8  Eqitulei  obtained  by  using  as  data  the  elements  of 
the  orbit  derived  from  micrometrical  measures  and  the  rela- 
tive velocity  of  the  components  in  the  line  of  sight  furnished  by 
spectroscopic  observations.  While  the  result  given  is  merely 
provisional,  one  to  be  improved  when  better  elements  of  the 
orbit  are  available,  as  they  no  doubt  will  be  after  two  or  three 
years  more,  yet  it  is  thought  that  it  has  already  a  measure  of 
certainty  which  places  it  in  the  list  with  the  more  accurately 
determined  stellar  parallaxes.  Moreover,  the  manner  of  its 
derivation  differs  from  previous  determinations.  The  use  of 
comparison-stars  and  the  uncertainties  of  their  assumed  dis- 
tances are  eliminated.  In  theory  the  method  leads  to  an  abso- 
lute value  of  the  parallax,  and  not  to  a  relative  one,  as  is 
necessarily  the  case  when  comparison-stars  are  employed. 

The  mathematical  relations  connecting  the  elements  of  the 
orbit  of  a  binary,  the  relative  velocity  of  its  components  in  the 
line  of  sight,  and  the  parallax  of  the  system,  have  long  been 
known.  Applications  have  hitherto  been  wanting  for  the  reason 
that  no  double  stars  had  been  found  which  furnished  all  the 
data  needed.  8  Equulei  has  proven  an  exception.  The  ele- 
ments of  its  orbit  are  approximately  known,  and  in  1901,  at  the 
time  of  the  last  periastron  passage,  the  relative  velocity  of  the 
components  in  the  line  of  sight  was  so  great  that  the  spectra  of 
the  two  stars  were  displaced  to  a  measureable  extent. 


*  Bulletin  of  the  Lick  Observatory,  No.  32. 
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In  the  Monthly  Notices  of  the  Royal  Astronomical  Society 
for  March,  1890,  Professor  Arthur  A.  Rambaut  has  given  the 
following  simple  formula  for  computing  the  parallax  of  a 
binary  from  the  data  here  considered : — 

la2  \/ 1  —  e2  sin  (<£  —  A)  sin   / 


V  P  r  V  1  —  e2  cos2  <f> 

In  this  equation  P  denotes  the  periodic  time,  a  the  mean 
distance,  e  the  eccentricity,  i  the  inclination,  r  the  radius  vector, 
A  the  angle  between  the  line  of  nodes  and  the  major  axis  of  the 
true  ellipse,  <f>  the  angle  between  the  tangent  to  the  orbit  and  the 
major  axis,  V  the  relative  velocity  of  the  components  in  the  line 
of  sight  as  furnished  by  the  spectroscopic  observations,  /  the 
velocity  of  the  Earth  in  its  orbit,  and  ir  the  parallax  of  the  sys- 
tem. 

The  elements  of  the  orbit  of  8  Equulei  are  still  imperfectly 
known.  A  nearly  continuous  record  of  the  motion  of  the  com- 
panion during  the  next  three  years  is  necessary  to  remove  ef- 
fectively the  uncertainties  which  still  exist  in  their  values. 
Eight  times  since  the  discovery  of  this  binary  the  companion 
has  passed  over  the  arc  which  it  will  describe  during  the  next 
three  years,  and  numerous  observations  relate  to  this  portion 
of  the  orbit.  P>ut  the  measures  are  more  or  less  discordant, 
and  on  this  account  additional  ones  are  required  to  hx  with  cer- 
tainty the  direction  and  magnitude  of  the  greatest  apparent  dis- 
tance. When  these  measures  are  obtained  and  the  elements  of 
the  orbit  revised  we  shall  have  the  data  which  will  give  an 
accurate  value  of  the  parallax  of  the  system.  A  consideration 
of  the  material  at  present  available  appears  to  show  that  the 
changes  which  will  probably  take  place  in  the  elements  due  to 
the  revision  of  the  orbit  will  not  greatly  alter  the  value  ui  the 
parallax  which  may  now  be  derived,  and  it  is  on  this  account 
that  a  provisional  value  is  here  presented. 

During  the  past  three  years  this  binary  has  been  followed 
closely  at  the  Lick  Observatory,  and  much  has  been  done  to 
advance  our  knowledge  of  its  orbit.  It  has  been  shown  that  the 
periodic  time  is  about  $./  years  ;  that  the  last  epoch  of  periastron 
passage  was  about  1901.5;  that  the  apparent  distance  at  peri- 
astron is  about  o".!;;  that  the  inclination  is  greater  than  given 
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by  the  elements  which  I  printed  in  the  Publications  of  the  Astro- 
nomical Society  of  the  Pacific  for  December,  1900,  and  after- 
wards in  Volume  V  of  the  Publications  of  the  Lick  Observatory, 
being  perhaps  as  much  as  820  or  83 °  ;  and  that  the  mean  dis- 
tance is  probably  a  little  larger  than  given  by  those  elements. 
Further,  it  is  known  that  the  line  of  nodes  and  the  projection 
of  the  major  axis  of  the  orbit  are  nearly  coincident. 

If  we  retain  the  line  of  nodes  and  the  angle  between  the  line 
of  nodes  and  the  major  axis  of  the  true  ellipse  as  given  by  my 
published  elements,  and  put  the  mean  distance  equal  to  o".28 
and  the  eccentricity  equal  to  0.46,  we  get  o".i5i  and  o".400,  as 
the  periastron  and  apastron  distances. 

The  relative  velocity  of  the  components  in  the  line  of  sight 
at  the  epoch  of  periastron  passage,  as  determined  by  the  ob- 
servers using  the  Mills  spectrograph,  was  about  20.5  miles  per 
second.  At  the  same  time  the  Earth's  orbital  velocity  was 
about  18.2  miles  per  second.  At  periastron  <f>  becomes  900  or 
2700,  and  with  X=  179°,  we  have  <f> — A  =  91°.  Substituting 
these  values  in  Professor  Rambaut's  formula  we  get 

7T  ==  o".07i. 

It  is  evidently  impossible  to  give  the  probable  error  of  this 
result.  Some  of  the  quantities  upon  which  it  depends  are  much 
better  determined  than  others.  It  happens  that  those  which  ap- 
pear to  be  the  most  uncertain  may  vary  considerably  without 
greatly  affecting  the  resulting  value  of  the  parallax.  For  ex- 
ample, considerable  variations  may  take  place  in  the  values  of 
i  and  A  without  greatly  changing  the  values  of  sin  1  and  sin 
(<t>  —  k)  which  appear  in  the  formula.  Of  the  other  quantities 
those  which  appear  the  least  certain  are  the  mean  distance  and 
the  eccentricity.  From  a  consideration  of  all  the  past  measures 
it  appears  highly  improbable  that  the  apastron  distance  can  be 
as  much  as  o".05  greater  or  less  than  the  value  used  above.  If 
we  vary  the  apastron  distance  and  eccentricity  together,  so  as 
to  keep  the  already  well-determined  periastron  distance  con- 
stant, and  further  retain  the  other  elements  of  the  computation 
as  used  above,  we  shall  find  that  the  apastron  distance  and  par- 
allax increase  together,  but  the  former  at  about  four  times  the 
rate  of  the  latter.  From  this  consideration  it  appears  improb- 
able that  the  parallax  will  be  altered  so  much  as  o".oi2,  owing  to 
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changes  which  take  place  in  the  values  of  a  and  e  due  to  the 
revision  of  the  elements  of  the  orbit. 

The  mass  of  the  system  corresponding  to  the  parallax  given 
above,  and  the  mean  distance  and  periodic  time  used  in  its 
derivation,  is  1.89,  the  mass  of  the  Sun  being  taken  as  unity. 
The  components  of  this  pair  are  slightly  unequal  in  brightness, 
and  perhaps  also  in  mass.  One  may  be  as  massive  as  the  Sun, 
but  it  can  not  much  exceed  it. 

The  mean  distance  at  which  these  stars  perform  their  revo- 
lutions is  about  four  times  that  of  the  Earth  from  the  Sun. 
But  owing  to  the  eccentricity  of  the  orbit  the  range  in  distance 
is  enormous.  At  periastron  the  stars  are  separated  by  a  space 
only  a  little  greater  than  two  astronomical  units,  while  at  apa- 
stron  it  is  five  of  these  units. 

It  would  form  an  interesting  analytical  problem  to  investi- 
gate the  effect  of  tidal  action  upon  the  relative  orbit  in  this  sys- 
tem. The  data  are  pretty  well  ascertained.  Broadly  speaking, 
the  stars  have  spectra  of  the  solar  type,  and  being  comparable 
with  the  Sun  in  mass,  it  would  seem  not  unreasonable  to  assume 
that  their  densities  are  approximately  the  same  as  that  of  the 
Sun. 

February  23,  1903.        

ASTRONOMICAL  OBSERVATIONS  IN    1902. 


Made  hv  Toryald  Kohl,  at  Odder.  Denmark. 


Vakiaclk  Stars. 

Z  Cygni.* 

Jan. 

1 

.     Z  invisible. 

1   Oct. 

12: 

id. 

5 

.     id. 

21  : 

id. 

1 1 

:     id. 

25  = 

id. 

13 

faint  <  e. 

28: 

id. 

16 

id. 

Nov 

2 '. 

id. 

June 

1 

:     =b. 

20: 

id. 

28: 

!>?•. 

21  : 

30: 

id. 
=  d 

Sept. 

7 

invisible. 

Dec. 

17: 

S  >b 

29 

faint  <  e. 

(  <a 

Oct. 

8 

id. 

1 

20: 

id. 

*  Vide  the  sketch  in  the  Publications  A.  S.  P..  No.  .jS,  pa^e  69. 
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6  Ursa 

majoris.* 

Jan. 

1 

:     S  one  step  >  d. 

Aug.  28 

:    three  steps  >  d. 

5 

:     =d. 

Sept.    1 

:    one  step  >  d. 

7 

:     id. 

5 

:     =d. 

11 

:     id. 

6 

id. 

13 

:    id. 

7 

:    id. 

16 

:     id. 

TO" 

(>e. 
j<d. 

21 

:    id. 

x3- 

30 

:    one  step  <  e. 

17 

=  e. 

Feb. 

3 

:    two  steps  <  e. 

18 

id. 

8 

:     id. 

21 

two  steps  <  e. 

15 

:    three  steps  <  e. 

22: 

id. 

22 

|<e. 
IX- 

27: 

{  <f  }  the  middle. 

Mar. 

3 

:     =f. 

29 

:     nearest  f. 

7 

:     id. 

Oct.     3 

one  step  >  f . 

10 

|<f. 

8 
12 

id. 

12 

one  step  >  g. 

21 

id. 

22 

:     =  S- 

25 

id. 

24 

id. 

28 

id. 

28 

<g- 

Nov.    2 : 

<g. 

Apr. 

5 

id. 

17: 

invisible. 

6 

id. 

18: 

seen  <  g,    air 

9 

■    id. 

very  clear. 

14 

id. 

19 

:     id. 

T 

{<*j  nearest  e. 

20 

invisible. 

June 

1: 

21 

nth  mag. 

28 

=  d. 

30 

utmost  faint. 

Aug. 

9 

{  ^  }  the  middle. 

Dec.    17 
20 

id. 
>g 

11 

two  steps  >  d. 

21 

id. 

26 

:    id. 

T  Ursa 

majoris.^ 

Jan. 
Mar. 

1 
3 

f  T  invisible. 

Apr.     9 
14: 

id. 

one  step  <  a. 

Mar. 

7 

=  S- 

22' 

=  a. 

io- 

id. 

26: 

<>a. 

12: 

=  i. 

(  =  b  in  the  sketch 

22: 

=  e. 

of  5*  Ursa. 

24: 

28: 

t  >e. 

June     1 : 

five  steps  >  a. 

j<d. 
=  d. 

28: 

j<b. 

1  >c 

Apr. 

5: 
6: 

=  b. 
id. 

Aug.  11 
Oct.    28 

!  invisible. 

*  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  73,  page  56. 
t  Vide  the  sketch  in  the  Publications  A.  S.  P.,  No.  2a,  page  63. 
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Nov. 


2: 

faint,  <  g. 

17: 
18: 

one  step  <  g. 
id. 

19: 

20: 

id. 
id. 

21 : 

id. 

29: 

=  f. 

Nov.  30:     id. 
Dec.    11:     =  d. 
17:     =b. 

I  <a. 
21:     =  a. 


20: 


W  PegasL* 


Jan.      5 : 

W  <  h. 

Sept.  14 

Almost  invisible 

11 : 

very  faint. 

21 

id. 

13: 

a    little    increased, 

27 

id. 

yet  <  g. 

Oct.     3 

id. 

27: 

id. 

28 

<h. 

30: 

almost  =  g. 

Nov.  18 

:     id. 

Aug.  28: 

=  h. 

21 

id. 

Sept.    1 : 

id. 

30 

id. 

7: 

id. 

Dec.   20 

id. 

TU  Cygni. 

Sept.  18. 

=  b. 

•« 

21 

one  steo  >  b. 

'*.;••. 

'* 

22 

24 

id. 
id. 

*  >  1). 

n/ 

Sept.  27 

1       *"''      '! 

•. . 

r        -     »i. 

cyi 

3) 
(  )ct .      3 

id. 

:■-  a. 

jf.** 

S: 

1  j 

y  <  a. 

'  >  >-. 

id. 

Jan.       1  : 

T  U  <  f  (  ^ 

I  Oni  ) . 

ji 

-  a. 
id. 

1 1  : 

id. 

jS 

<  a. 

16: 

id. 

XnV.       _> 

id. 

I  unc      1 : 

1-=  f. 

>  1 

\  <  1). 

Sept.     7: 

—  c. 

~    1 

f  >  c. 

M: 

on-.'  step  <  1) 

M> 

-  c . 

K>: 

id. 

1  Vc.    1 7 

:      —  t. 

17: 

id. 

JO 

<  l". 

*  I'uir  the  sk.-U  li   111   the   f'uh-u-.iii.fts  A    S.  !'..  \< 
the  line  between  a  ,  .uxl  /•.  ) 


.  p.i^     .•;,.      {'i  is  the  little  sun 


Astronomical  Society  of  the  Pacific. 


67 


Jan. 


Feb. 


Mar. 


Apr. 


1 . 

5- 
6. 

7- 
11. 
12. 

13- 
14- 
16. 
21. 
27. 
30- 

3i- 

8. 

10. 

»5- 
22. 

7- 
8. 

10. 

10. 

11 . 

12. 

22. 

24. 

27. 

28. 

5- 
6. 

9- 
14. 
22. 


Nova 

Pcrsei. 

h. 

in. 

6y2i 

'.  M.  7.2 

Apr.  26 

6 

7-5 

Aug.  11 

6 

74 

26 

8 

7-4 

28 

6 

7-4 

Sept.    1 

\oy2 

7-4 

5 

8/2 

7-4 

7 

7 

7-4 

13 

6 

7.6 

14 

6 

7.6 

16 

9 

8.0 

17 

8 

7-7 

18 

8 

8.1 

19 

10 

7.6 

22 

9^ 

7.6 

24 

7# 

7.8 

27 

8K2 

7-9 

29 

9 

7.9-8.0 

Oct.     3 

8 

8.0 

12 

8 

8.0 

21 

10 

8.0 

25 

8^ 

8.2 

28 

8 

8.2 

Nov.    2 

8 

8.0 

17 

8 

8.0 

18 

8 

8.0 

21 

9'A 

8.0 

29 

8/2 

8.4 

30 

8j/2 

8.0 

Dec.   11 

8^ 

8.2 

17 

9 

8.1 

20 

10 

8.2 

21 

9 

8.4 

12 

9.0 

9 

9.0 

9 

9.0 

9 

9.1 

9 

9.1 

"J4 

9-i 

8 

9.1 

9 

9.2 

9 

9.1 

8 

9-i 

8 

9.2 

8 

9.2 

9 

9.2 

8 

9.1 

7K2 

9.2 

9^ 

9.2 

8 

9.2 

8'/2 

9.2 

8 

9.2 

7 

9.2 

8 

9.2 

9 

9.2 

6/2 

9.2 

6 

9.2 

6 

9.2 

7/2 

9.2 

5/2 

9.2 

$y> 

9.0 

6y2 

9-3 

sx 

9.2 

6 

9.2 

The  Star  BD  200  1083. 

This  star  has  shown  remarkable  variations  in  the  year  1902. 
For  the  comparisons  I  have  used  the  following  stars:  A,  B, 
and  b,  the  variable  being  named  a.  The  BD  magnitudes  are 
added  here,  but  it  may  be  noted  that  I  always  see  A  >  B. 

A  —  BD  200  1095,  7.4111 

B  —  BD  200  1093,  7.1 

a  —  BD  200  1083,  7.7 

b  ^  BD  200  1073,  8.2 


Note.— In  Georgetown  College's  Chart  II  I  have  found  among  other  discrepancies, 
No.  17  decidedly  Isss  than  No.  20.    The  chart  has  No.  17  =  8.8  mag.;    No.  20  =  8.9  mag. 
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When  the  ocular-tube  is  screwed  out  until  the  stars  appear 
as  pale  disks,  it  is  least  difficult  to  state  the  variation. 


Jan. 

ii  : 

a  one  step  >  b. 

Apr. 

5: 

=  B. 

30: 

distinctly  >  b. 

6: 

=  A 

Mar. 

7: 

particularly  bright, 

9  = 

=  B. 

>b. 

14: 

id. 

8: 

=  A. 

26: 

id. 

10: 

id. 

Oct. 

25: 

<b. 

11 : 

id. 

Nov. 

20: 

=  b. 

24: 

id. 

Dec. 

11  : 

>b. 

27: 

id. 

17: 

<b. 

28: 

id. 

20: 

id. 

Occasionally  I  also  looked  out  for  other  variables.    S  Vul- 
peculce  and  5"  Draconis  do  not  seem  to  have  changed  their  light. 

Eclipse  of  the  Moon. 
On  April  22<\,  at  sunset,  according  to  calculation,  the  eclipsed 
Moon  should  have  been  observable  at  the  eastern  horizon,  but 
on  account  of  mist  the  red  Moon  was  not  seen  until  it  had 
ascended  to  an  altitude  of  5  degrees.  The  shadow  was 
touching : — 

Tycho  (west)  at 8h  S7m  p.  m. 

Copernicus  (east)  at 8  59.5 

(west)  at 9      1 

Plato  (east)  at 9      9 

(west)   at 9  10.5 

Posidonius  (west)  at. 9  28 

Marc  Crisium  (west)  at 9  42 

End  of  eclipse 9  45 

Shooting  Stars* 
Of  the  meteors  observed  simultaneously   at  Uranienborg, 
Copenhagen,  and  Odder  in  August,  1902,  only  ten  yielded  the 
data   necessary    to    calculate    their    height    above    the    Earth's 
surface.     For  these  we  have  the  following  results : — 


No. 

Height  at 

the  Beginning. 

Kilometers. 

Height 
at  the   End. 
Kilometers. 

Real  Length 

of   the    Path. 

Kilometers. 

I 

119 

2 

110 

3 

77 

4 

112 

54 

72 

5 
6 

117 

57 

90 

31 

7 
8 

9 

92 

139 

87 

'86 
S2 

65 

44 

10 

IOI 

*  The  author  sends  details  o\  obscvva.Uo\\s  ol   u  s\\oca\\\^  svtvcs  vj\\\c\v  >*^<i  mada 
the  nights  of  August  9-12,  1902.    These  weYvaveV^u  oYKv^Xvo  omvV.--\YW.^wo*&. 
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A  BRIEF  ACCOUNT  OF  THE  D.  O.  MILLS  EXPEDI- 
TION TO  CHILE. 


By  \V.  \V.  Campbell. 


The  D.  O.  Mills  Astronomical  Expedition  from  the  Lick 
Observatory,  University  of  California,  will  sail  from  San  Fran- 
cisco to-day*  with  destination  in  the  neighborhood  of  Santiago, 
Chile.  The  work  of  the  expedition  will  be  largely  technical, 
yet  its  purpose  is  to  contribute  to  the  solution  of  a  perfectly 
definite  problem. 

It  is  well  known  that  the  observed  positions  and  motions 
of  celestial  objects  are  influenced  not  only  by  the  motions  of  the 
objects  themselves,  but  also  by  motions  of  the  observer.  Not 
including  several  minor  disturbances,  the  observer's  motion  is 
made  up  of  three  components : — 

( i )  That  due  to  the  rotation  of  the  Earth  on  its  axis.  The 
elements  of  this  diurnal  motion  are  well  known,  and  its  effects 
can  be  eliminated  completely  from  the  observations. 

(2)  That  due  to  the  annual  revolution  of  the  Earth  around 
the  Sun.  The  form  of  the  Earth's  orbit  is  very  well  known, 
but  there  is  at  present  an  uncertainty  of  from  one  fourth  to 
'-nc  half  of  <  UK*  per  cent  in  the  size  of  the  orbit.  This  intro- 
duces a  slight  uncertainty  in  the  obseryer's  speed,  which  is 
troublesome  in  a  few  cases.  It  is  hoped  that  as  a  result  of  recent 
obseryatioris  of  the  planet  liros  we  shall  soon  be  able  to  elimi- 
nate the  greater  part  of  this  uncertainty. 

13  »  That  due  to  the  motion  of  the  solar  system  1  Sun, 
planets  and  their  moon**)  through  space.  The  elements  oi  this 
motion  are  not  well  known.  In  fact,  a  general  knowledge  o\ 
them  constitutes  one  of  the  mo^t  pressing  problems  in  astreii- 
omv,  and  it  is  to  contribute  to  the  solution  of  this  problem  that 
the  Mills  Expedition  to  the  southern  hemisphere  has  been 
organized. 

More  than  100  years  a^r«»  Sir  William  1 1 1 :ks<  till,  from  a 
coil-  ideration  of  the  apparent  motions  of  the  few  stars  then 
accurately  observed,  cam*-  to  the  conclusion  that  the  solar  sys- 
iein    is    ni< jvimlt    in    a    straight    line    approximately    toward    the 
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constellation  Hercules.  This  was  in  fact  one  of  the  shrewd 
guesses  for  which  Herschel  is  justly  famous.  Later  solutions 
made  by  other  astronomers,  using  the  steadily  increasing 
number  of  observed  stars,  have  confirmed  the  approximate 
correctness  of  Herschel's  result  as  to  the  point  toward  which 
the  solar  system  is  moving.  They  have,  I  think,  without  excep- 
tion, located  this  point  either  in  Hercules  or  in  Lyra.  Never- 
theless, the  various  solutions  leave  an  uncertainty  of  at  least  ten 
or  fifteen  degrees  as  to  the  direction  of  the  motion. 

Our  knowledge  of  the  speed  of  the  solar  system  has  been 
much  less  satisfactory.  Herschel  had  almost  no  information 
as  to  the  distances  of  the  stars,  but  by  making  certain  assump- 
tions as  to  their  distances  he  was  led  to  the  conclusion  that 
the  speed  of  the  solar  system  is  probably  in  the  neighborhood 
of  ten  miles  per  second.  Other  discussions  of  the  question 
have  led  to  the  assignment  of  values  ranging  from  as  low  as 
five  miles  to  as  high  as  twenty-five  miles  per  second.  All  these 
solutions  were  based  upon  the  observed  directions,  and  changes 
in  the  observed  directions,  of  the  stars,  and  involved  assump- 
tions as  to  the  unknown  stellar  distances. 

The  development  of  the  spectroscopic  method  of  measuring 

stellar  velocities  in  the  line  of  sight  of  the  observer  has  placed 

in  our  hands  a  means  of  making  decided  improvements  in  our 

knowledge  of  the  solar  motions,  since  this  method  is  entirely 

independent  of  stellar  distances.     It  is  exceedingly  simple  in 

theory,  but  one  of  extraordinary  difficulty  in  practice.     It  is 

based  upon  the  fact,  well  known  to  students  of  physical  science, 

that  if  a  star  is  approaching  the  observer  its  spectrum  will  be 

shifted  slightly  as  a  whole  toward  the  violet  from  its  normal 

position,  and  if  the  star  is  traveling  away  from  the  observer 

its  spectrum  will  be  shifted  slightly  as  a  whole  toward  the  red 

end. 

These  displacements  of  the  spectra,  due  to  the  velocities  of 

the  stars,  are  on  so  minute  a  scale  that  the  errors  of  observation 
may  readily  exceed  the  magnitude  of  the  quantities  to  be  ob- 
served. Fortunately  the  thorough  understanding  of  the  prob- 
lem, reached  through  what  have  been  bitter  experiences  to 
some  observers,  has  made  it  possible  at  the  present  time  to 
measure  stellar  velocities  with  a  high  degree  of  accuracy. 
The  displacements  of  the  spectra  referred  to,  measured  with 
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the  instruments  now  in  use  for  that  purpose,  amount  to  only 
the  thousandth  part  of  an  inch  for  a  speed  of  fourteen  miles 
per  second.  Yet  we  are  able  to  measure  spectrum  plates  very 
nearly  to  the  one-hundredth  part  of  a  thousandth  of  an  inch, — 
that  is,  nearly  to  the  one  one-hundred-thousandth  of  an  inch. 
The  evolution  of  instruments  and  methods  and  the  precautions 
taken  to  enable  us  to  reach  this  degree  of  refinement  form  an 
interesting  part  of  the  history  of  astronomy,  but  need  not  be 
considered  here. 

The  velocities  of  some  four  hundred  of  the  brighter  stars 
have  in  the  last  seven  years  been  measured  with  the  D.  O.  Mills 
spectrograph  attached  to  the  great  Lick  telescope.  These  stars 
are  distributed  more  or  less  uniformly  over  the  three  fourths 
of  the  sky  visible  from  Mt.  Hamilton.  Two  years  ago  I  com- 
bined the  results  from  these  stars  in  an  attempt  to  determine  the 
elements  of  solar  motion.  It  is  evident  that  while  the  individual 
stars  have  individual  motions,  one  moving  in  one  direction, 
another  in  another  direction,  nearly  all  of  them  apparently 
independent  of  one  another;  yet  if  the  solar  system  is  moving 
toward  a  given  point  in  the  sky  the  stars  in  that  portion  of  the 
sky  wrill,  on  the  average,  appear  to  be  approaching  the  solar 
system ;  and  similarly,  that  the  stars  in  the  exactly  opposite  por- 
tion of  the  sky  will  appear  to  be  moving:  away  from  the  solar 
system.  Conversely,  if  the  velocities  of  the  stars  in  all  parts  of 
the  sky  he  known,  it  is  possible  by  mathematical  analysis  to  de- 
termine a  point  in  the  sky  such  that  the  stars  within  a  concen- 
tric area  will  have  the  maximum  velocity  of  approach  to  the 
solar  system  ;  and  in  the  corresponding  opposite  area  a  maxi- 
mum velocity  of  recession:  the  stars  in  other  areas  of  the  sky 
having'  systematically  smaller  speeds  of  approach  or  recession. 

The  solution  referred  to  led  to  the  result  that  the  solar  sys- 
tem is  moving  approximately  in  the  direction  of  the  southern 
boundary  of  the  Lyre,  with  a  speed  of  twelve  and  a  half  mile- 
per  second.  There  is  no  doubt  that  this  result  for  speed  is 
very  close  to  the  truth  :  but  it  is  reasonably  certain  that  tin- 
direction  of  the  motion  is  somewhat  in  error.  Idle  weakness 
n\  the  solution  lies  in  the  fact  that  the  observed  stars  are  not 
distributed  uniformly  over  the  entire  sky.  The  region  from 
thirty  degrees  south  o\  the  celestial  equator  to  the  south  pole 
of  the  skv  is  not   represented   at   all   in   the  observational   data. 
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This  deficiency  affects  the  direction  of  motion  vastly  more  than 
it  does  the  speed.  Before  a  satisfactory  solution  of  this  great 
problem  can  be  made  the  stars  in  the  one  fourth  of  the  sky 
around  the  south  pole  must  be  observed  by  methods  similar  to 
those  employed  at  Mt.  Hamilton. 

It  has  for  nine  years  past  been  my  desire  to  organize  at  the 
proper  time  a  spectroscopic  expedition  to  the  southern  hemi- 
sphere for  the  purpose  of  securing  these  observations.  Two 
years  ago,  the  problems  under  solution  and  the  needs  of  such 
an  expedition  were  brought  to  the  attention  of  Mr.  D.  O. 
Mills,  who  promptly  and  most  generously  expressed  the  great 
pleasure  it  would  afford  him  to  provide  funds  for  constructing 
the  apparatus,  for  employing  the  astronomers,  and  for  meeting 
the  necessary  expenses. 

The  telescope  constructed  for  this  purpose  is  shown  in  the 
accompanying  illustration  set  up  on  Mt.  Hamilton  in  the  rear 
of  the  observatory  for  adjustment  and  trial.  It  is  a  reflecting 
telescope  of  Cassegrain  form.  I  may  remark  that  in  a  refract- 
ing telescope,  such  as  the  great  Lick  refractor,  the  rays  of 
light  from  celestial  objects  pass  through  polished-glass  lenses 
at  the  upper  extremity  of  the  telescope  tube,  and  are  brought  to 
a  focus  at  the  lower  extremity,  where  the  eye  of  the  observer 
is  placed. 

In  this  reflecting  telescope,  the  upper  end  of  the  tube  is 
open.  The  rays  from  a  star  pass  down  the  tube  to  its  lower 
extremity,  where  they  fall  on  a  silver-on-glass  mirror,  37 J4 
inches  in  diameter.  Its  accurately  polished  surface,  36J/2  inches 
in  diameter,  has  the  curve  of  a  parabola.  The  beam  of  parallel 
light  from  a  star,  upon  striking  the  mirror,  is  reflected  back, 
and  an  image  of  the  star  would  be  formed  in  the  focus  ijl/2 
feet  above  the  mirror ;  but  a  silver-on-glass  hyperbolic  convex 
mirror  10  inches  in  diameter,  placed  43/2  feet  inside  the  focus, 
and  just  within  the  upper  end  of  the  tube,  intercepts  the  rays. 
This  small  mirror  is  held  in  place  by  steel  webs,  which  occult  a 
small  portion  of  the  light  from  the  star,  but  otherwise  do  no 
serious  injury.  This  mirror  turns  the  rays  backward  through 
a  five-inch  hole  in  the  center  of  the  large  mirror,  where  they  are 
brought  to  a  focus  a  short  distance  below  the  telescope-tube, 
exactly  on  the  slit  of  a  powerful  photographic  spectroscope. 
The  spectroscope  is  held  in  position  by  a  steel  truss.    In  theory 
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it  resembles  the  Mills  spectroscope  now  in  use  at  the  Lick 
Observatory,  but  in  reality  it  embodies  many  new  departures 
based  upon  our  seven  years'  experience  with  the  older  instru- 
ment. When  in  use  the  spectroscope  will  be  completely  in- 
closed in  a  temperature-case  of  aluminum,  lined  with  hair  felt 
and  supplied  with  automatic  electric  heating  apparatus,  in  order 
that  it  may  be  maintained  throughout  the  night's  observation  at 
a  constant  temperature.  The  photographs  upon  which  the 
results  depend  are  of  such  exceeding  delicacy  that  the  small 
range  of  temperature  which  ordinarily  occurs  throughout  the 
night  would,  if  such  precautions  were  not  taken,  render  them 
almost  valueless. 

The  mounting  of  the  telescope  was  designed  in  general  by 
the  writer  and  in  detail  by  the  San  Francisco  firm  of  Harron, 
Rickard  &  McCone.  It  was  constructed  in  the  shops  of  the 
Fulton  Engine  Works  at  Los  Angeles.  The  optical  parts  of 
the  telescope  and  spectroscope  are  from  the  well-known  shops 
of  the  John  A.  Brashear  Company,  Allegheny,  Pa.  The  in- 
struments will  be  covered  by  a  modern  thirty-foot  steel  dome, 
constructed  by  the  Warner  &  Swasey  Company,  builders  of 
the  great  Lick  telescope. 

The  dome  and  instruments  will  be  mounted  on  the  summit 
of  one  of  the  low  hills  near  Santiago,  where  they  will  remain 
for  two  or  three  years.  It  is  planned  to  measure  the  velocities 
of  three  or  four  hundred  of  the  brighter  stars  in  the  southern 
sky.  The  photographs  will  be  sent  to  the  Lick  Observatory  for 
measurement  and  discussion.  It  is  confidently  expected  that  a 
combination  of  the  spectroscopic  results  obtained  at  Mt.  Hamil- 
ton and  Santiago  will  lead  to  a  very  satisfactory  solution  of  the 
troublesome  problem  of  the  motion  of  our  solar  system  through 
space. 

There  is  little  doubt  that,  as  in  the  Mt.  Hamilton  observa- 
tions, the  discoveries  made  as  by-products  of  the  investigations 
will  rival  in  scientific  interest  the  results  which  comprise  the 
main  purpose  of  the  work.  One  or  two  of  these  by-products 
may  be  mentioned.  It  was  found,  for  example,  that  at  least  one 
star  in  seven,  and  probably  a  very  much  larger  proportion,  is 
attended  by  invisible  companions.  This  is  in  addition  to  the 
companion-stars  visible  in  ordinary  telescopes  and  known  to 
astronomers  as  double  stars.     For  instance,  the  North  Pole  star, 
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which  has  perhaps  been  under  observation  more  than  any  other 
for  hundreds  and  thousands  of  years,  was  discovered,  four 
years  ago,  to  have  two  dark,  invisible  companions,  making  it 
a  triple  system;  or,  counting  the  distant,  well-known  visual 
companion,  a  quadruple  system. 

Great  interest  has  been  taken  in  the  plans  of  the  Mills  Ex- 
pedition by  astronomers  and  others.  A  recent  important 
committee,  reporting  upon  plans  for  astronomical  progress, 
gave  recognition  to  the  fact  that  the  Mills  Expedition  from 
the  Lick  Observatory  would  be  the  first  to  undertake  observa- 
tions of  this  kind  in  the  southern  hemisphere,  and  expressed 
the  opinion  that  it  would  be  well  if  at  least  one  more  similar 
expedition  could  be  dispatched  to  occupy  this  neglected  field. 

The  importance  of  this  line  of  work  and  the  interest  taken 
in  it  may  perhaps  best  be  expressed  by  referring  to  the  fact 
that  nearly  all  of  the  great  refracting  telescopes  of  the  north- 
ern hemisphere  have  been  engaged  in  it  with  greater  or  less 
degrees  of  success. 

The  Mills  Expedition  will  be  in  charge  of  Acting  Astron- 
omer William  H.  Wright,  who  has  ably  assisted  in  the 
observations  with  the  Mills  spectrograph  at  the  Lick  Observa- 
tory in  the  last  six  years,  and  to  whose  valuable  suggestions 
and  help  much  of  the  success  of  the  work  is  due.  Mr.  Wright 
was  graduated  from  the  University  of  California  in  1893.  He 
will  be  accompanied  by  Assistant  H.  K.  Palmer  of  the  class 
of  1898,  who  was  for  four  years  on  the  Lick  Observatory  staff 
as  fellow,  and  who  is  at  present  an  instructor  in  the  Berkeley 
Astronomical  Department. 

The  Government  of  Chile  has  taken  official  notice  of  the 
coming  of  the  expedition,  and  has  generously  offered  to  fur- 
ther its  purposes  in  every  way  possible. 

D.  O.  Mills  has  taken  a  deep  interest  in  the  work  of  the 
Lick  Observatory  since  his  appointment  thirty  years  ago  as  a 
member  of  Mr.  Lick's  first  board  of  trustees,  and  he  has  con- 
tributed to  its  needs  on  four  occasions  in  the  past  decade.  I 
confidently  expect  that  the  results  obtained  by  the  expedition  to 
Chile  will  be  worthy  of  his  splendid  gift  and  of  the  observatory 
and  university  under  whose  auspices  the  work  is  undertaken. 
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VARIABLE    STARS. 


By  Rose  O'Halloran. 

In  the  four-inch  Brashear  telescope  used  for  the  following 
observations,  stars  of  twelfth  magnitude  are  generally  at  the 
limit  of  visibility,  but  on  exceptionally  clear  nights  the  light- 
gathering  power  no  doubt  includes  fainter  stars,  though  it  is 
uncertain  if  those  of  thirteenth  magnitude  are  within  its  range. 
The  powers  used  were  from  about  40  to  200,  according  to  the 
condition  of  the  atmosphere. 

W  Lyrce. 
This  variable  having  decreased  from  the  maximum  of  Jan- 
uary,  1902,  to  9.4  in  the  following   March,  as  published  in 
No.  84,  Publications  A.  S.  P.,  has  since  waned  and  increased 
as  follows : — 

Invisible. 
Invisible. 
Invisible. 

11.5  mag.  ;  brighter  than  /  of  12th  mag. 
Nearly  of  nth  mag. 
Of  nth  mag. 
Of  nth  mag. 

Nearly  equal  to^r  of  10th  mag. 
Slightly  brighter  than^. 
Equal  tO£\ 

Brighter  truing  less  than  e  of  8.8  mag. 
4.     Slightly  brighter  than  c\  less  than  a  of  8.6  mag. 
7.     Equal  to  e. 
10.     Between  e  and  p.     The  latter  is  9.4. 

1 5.  Between  e  and  p. 

16.  e  is  about  two-tenths  brighter  than  \V.     On  account  of  these 
fluctuations,  the  hour  of  observation  is  noted  hereafter. 

21.     8  50  P.  M.     Equal  to  e. 

72      8.50  p.  m.     It  is  brighter  than  e  but  less  than  a. 


1902 

May 

8. 

27. 

June 

1. 

2. 

8. 

14. 

16. 

23- 

25. 

28. 

July 

1. 

2  I.       8.30  l\   M. 
30.       8.55  P     M.   J 

Aug.         1.     8.42  P.  M. 


More    distinctly   brighter    than   c,    but   still   less 
than  a. 


14.  8.15  p.  m.  After  two  cloudy  weeks,  IV  was  seen  to  be 
brighter  than  a  and  equal  to  ;/  of  8.1  mag.,  which  is  not 
far  from  the  usual  maximum  of  this  variable.  Further 
observation  was  unavoidably  deferred  until  the  constella- 
tion reappeared  northeast  in  the  morning  sky. 


1903 

Jan. 

29 

Feb. 

5. 

15- 

21. 

28 

March 

6. 

9- 
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Dec.      28.     5.45  a.  m.     Discernible  only  in  a  high  power.     Probably  of 
1 2th  mag. 
29.     6. 10  a.  m.     12th  mag.     This  is  the  date  of  predicted  mini- 
mum.    The  morning  is  clear. 

6.05  a.  m.  Moonlight  and  rainy  weather  hindered  observa- 
tions for  some  weeks.  jV  is  two  or  three  tenths  brighter 
than  g. 

6.00  a.  m.     Equal  to  p. 

5.35  a.  m.  Brighter  than  py  not  fully  equal  to  e  It  is  prob- 
ably of  about  9th  mag. 

6  00  a.  m.     Equal  to  e. 

5.34  a.  m.     Equal  to  a.    The  morning  is  rather  clear. 

5.45  a.  m.     Equal  to  a,  not  equal  to  n. 

5.42  a.  m.  Equal  to  a.  It  has  not  yet  attained  its  maximum 
brightness. 

V  Ononis. 

Invisible.     Night  not  very  clear. 
Barely  discernible.     Probably  of  less  than  11.5  mag. 
Barely  discernible.     Probably  of  less  than  11.5  mag. 
Invisible. 
Invisible. 
Invisible. 

Indiscernible.      Half-moon  is  near.      This  is  the  date  of 
predicted  minimum. 
8.     Indiscernible.     Moonlight. 

S  IV  Cygni   (formerly  designated   U3  Cygni,  and  sometimes 

V3  Cygni). 

For  the  sake  of  uniformity,  this  miniature  of  Algol  has 
been  rechristened,  and  will  be  described  in  future  records  as 
S  W  Cygni. 
1902. 


Jan. 

29. 

Feb. 

1. 

12. 

25. 

26. 

March 

3- 

6. 

Jan. 

27. 

6.00  A.  M. 

Equal  to /of  9.2  mag. 

Feb. 

12. 

545  A.  M. 

Equal  to  d  of  9  6  mag. 

22. 

5.15  A.  M. 

Not  fully  equal  to  a  of  8.6  mag, 

May 

27. 

9  54  p   m. 

Nearly  equal  to  a 

June 

1. 

9.30  P-  M. 

Brighter  than  0  of  10  9  mag. 

2. 

9.25  P.  M. 

Nearly  equal  to  a. 

7- 

9  30  P.  M-. 

\ 

8. 

9.20  P.  M. 

13- 

9.15  P.  M. 

> Between  a  and/. 

14. 

9.30  P.  M. 

16. 

9.20  P.  M.  . 

; 

24. 

9.28  P.  M. 

Of  1 2th  mag. 

25- 

9  25  P.  M. 

Scarcely  more  than  1 2th  mag. 

7» 
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26 

10.00  p. 

M. 

28 

10.00  p. 

M. 

I 

9.12  p. 

M. 

4 

9.18  p. 

M. 

7 

9.05  p. 

M. 

9 

9.12  p. 

M. 

10 

9.18  p. 

M. 

12 

■   9.13  P- 

M. 

16 

9.08  p. 

M. 

21 

9.15  p. 

M. 

22 

9.00  p. 

M. 

29 

8.30  p. 

M. 

30 

8.40  p. 

M. 

31 

•   9  30  P- 

M. 

Nearly  equal  to  a. 

Still  nearer  to  the  brightness  of  a. 


Between  a  and  / 


Nearly  as  bright  as  a. 
Nearly  as  bright  as  a. 


The  continued   sameness- was   rather  unusual,  but   being 
familiar  with  the  field  of  view,  I  feel  no  uncertainty  about  it. 


1902. 
April 


May 


Aug. 


Y  Virginis. 

10.  It  is  of  about  10th  mag. 
13-  Of  9.5  mag. 

24.  Of  9th  mag. 

2.  About  8.8  mag. 

8.  About  8.8  mag. 

11.  Of  9th  mag. 

12.  Date  of  maximum. 

29-  8.35  p.  m.     Equals  c  of  9.5  mag. 

30.  8.45  P.  M.     Equals  d  of  10.5  mag. 

31.  9.00  p.  m.     rf  two  tenths  brighter  than  var. 

1 .  9.05  p.  m.     d  two  tenths  brighter  than  var. 

2.  9.00  p.  m.     Equal  to  n  of  10.9  var. 

\\.  8.35  p.  m.     Probably  not  far  from   12th    mag. 
usual  limit  of  the  telescope  used. 


which  is  the 


1902 

Oct. 

28. 

Nov. 

1. 

3- 

11. 

18. 

22. 

26. 

Dec. 

1. 

10. 

16. 

W  Auri^iv. 


Probably  of  9.3  mag. 
Probably  of  9.3  mag. 


Brighter  than  a,  less  than  c. 

Brighter  than  a,  less  than  c. 

Equal  to  a. 

Equal  to  a. 

Eainter  than  a,  brighter  than  k  and  /,  with  which  it  forms  a 

triangle.     About  10.5  mag. 
Fainter  than  a,  brighter  than  k  and  /. 
Seems  nearly  equal  to  a. 

Less  than  ay  scarcely  brighter  than  /of  nth  mag. 
Equal  to  k}  classed  as  1 2th  mag. 
Invisible.     This  maximum  of  October  seems  to  have  been 

unexpected. 
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5*  5  Cygni. 

A  brief  maximum  of  this  interesting  star  was  observed  as 
follows : — 


Invisible. 


About  1 2th  mag. 


Equal  to  a  of  9.6  mag.     Brighter  than  others, 
except  b%  in  the  triangular  group  around  it. 
16.    9.05  p.  m.    About  two  tenths  brighter  than  a. 

21.  9.10  p.  m.     Equal  to  a.     Full  moon. 

22.  9.10  p.  m.    a  two  tenths  brighter  than  the  variable. 
29-     8.35  p.  m.     Var.  equals  c  of  9.5  mag. 

30.  8.45  p.  m.     Var.  equals  d  of  10.5  mag. 

31.  9.00  p.  m.    d  two  tenths  brighter  than  var. 
Aug.       1.    9.05  p.  m.    rftwo  tenths  brighter  than  var. 

2.    9.00  p.  m.    Equal  to  n  of  10.9  mag. 
14-    8.35  p.  m.     It  is  about  11.5,  or  12th  mag. 

S  Tauri. 

The  minimum  of  5*  Tauri,  expected  on  February  10th, 
occurred  somewhat  earlier,  as  at  that  stage  it  is  invisible  in  a 
4-inch  lens. 

i9<>3- 
Jan.       29.     About  10.5  mag. 
Feb.       1.     10.2  mag.     It  is  slightly  increased. 

10.     In   moonlight  it  seems  of  10th   mag.,  being  equal  to  the 

adjacent  stars. 
12.     In  moonlight  it  seems  of  10th  mag. 
19  and  24.     Brighter  than  10th,  of  9.7  mag. 
March    3.     It  is  of  about  9.5  mag. 

6.    About  9.5  mag.    Moon  near  by. 
8.    About  9.5  mag.    Moonlight. 

R  Tauri. 

1902.  On   November  19th,  December   1st,  20th,  24th,  27th  and 

28th,  this  star  was  invisible. 
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1903 

Jan. 

29 

Feb. 

1. 

10. 

12. 

19. 

24. 

March 

3- 

6. 

8. 

1902 

April 

8. 

9- 

19. 

26. 

May 

i. 

8. 

10. 

14. 

1902. 

March 

30- 

April 

8. 

13- 

19. 

26. 

May 


Of  1  ith  mag.     Dimmer  than  5"  Tauri  in  the  same  field  of 

view. 
About  10.2  mag.,  but  dimmer  than  s. 
9.5  mag.,  brighter  than  s. 
Not  far  from  9th  mag. 
Brighter  than  8th,  probably  7.8  mag. 
Brighter  than  8th. 

Not  so  blight,  probably  of  8th  mag. 
Probably  of  8th  mag.     Half  moon  near. 
Probably  of  8th  mag.     Moonlight. 

S  Ursa*  Minor  is. 
Date  of  expected  maximum,  May  9,  1902. 
9th  mag. 
9th  mag. 
8.5  mag. 
8th  mag. 
8.5  mag. 
8.5  mag. 
8.5  mag. 
8.5  mag. 

T  Urscv  Major  is. 

Equal  to  k  of  9th  mag. 
About  8.8  mag. 
Of  8th  mag. 

About  two  tenths  brighter  than  Sth  mag. 
About  two  tenths  brighter  than  8th  mag. 

About  two  tenths  brighter  than  Sth  mag.     Before  the  date  of 
maximum  brightness,  May  21st,  it  had  gone  out  of  view. 


PLANETARY    PHENOMENA    FOR    MAY    AND 
JUNE,    1903. 

By  Malcolm  McNeill. 


PHASES  OF    THE    MOON,     PACIFIC    TIME. 

First  Quarter,  May    3,  nh26mi\M.       First  Quarter,  June    2,  5,i24iua.m. 

Full  Moon,         14       11,  5   18   a.m.       Full  Moon,           '*       9,  7     8    p.m. 

Last  Quarter,     "       19,  7   iS   a.m.    |    Last  Quarter,      "     17,  10  44    p.m. 

New  Moon,        "      26,  2  50    p.m.    '    New  Moon,         "     24,  10   11     p.m. 


The  Sun  reaches  the  solstice  and  summer  begins  June  22d, 
7  a.  m.,  Pacific  time. 

Mercury  presents  the  best  aspect  of  the  year  for  naked-eye 
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visibility  during  May.  It  is  an  evening  star,  and  comes  to  its 
greatest  east  elongation  on  May  ioth.  It  is  then  21°  31'  east 
of  the  Sun,  a  distance  about  40  greater  than  at  the  east  elonga- 
tion of  January ;  but  it  is  also  several  degrees  north  of  the  Sun, 
and  this  increases  the  interval  between  the  setting  of  the  Sun 
and  the  planet.  For  the  first  half  of  the  month  this  interval  is 
from  an  hour  and  a  half  to  an  hour  and  three  quarters,  and  the 
planet  can  be  easily  seen  on  any  clear  evening  in  the  twilight. 
After  that  Mercury  rapidly  approaches  the  Sun,  and  comes  to 
inferior  conjunction  on  June  3d.  During  the  remainder  of  June 
the  planet  is  a  morning  star,  and  comes  to  greatest  west  elonga- 
tion on  June  27th.  It  then  rises  rather  more  than  an  hour 
before  sunrise,  and  may  be  seen  on  clear  mornings  shortly 
before  sunrise. 

Venus  is  an  evening  star,  and  sets  rather  more  than  three 
hours  after  the  Sun  until  the  latter  part  of  June,  when  the  inter- 
val begins  to  shorten  up  a  little.  The  planet  continually  in- 
creases its  apparent  distance  from  the  Sun  throughout  the 
period,  but  its  motion  eastward  along  the  ecliptic  carries  it  to  a 
region  of  smaller  declination  than  that  of  the  Sun,  and  this, 
toward  the  close  of  the  period,  more  than  counterbalances  the 
gain  in  distance  as  far  as  it  affects  the  interval  between  the  set- 
ting of  the  Sun  and  the  planet.  Venus  will  reach  its  greatest 
distance  from  the  Sun  early  in  July. 

Mars  passed  opposition  with  the  Sun  on  March  28th,  and  is 
now  beginning  to  increase  its  distance  from  the  Earth.  On 
May  1st  it  sets  about  3:30  a.  m.,  on  June  1st  at  1 130,  and  at  a 
little  before  midnight  on  July  1st.  It  is  therefore  still  in  fine 
position  for  evening  observation.  At  the  beginning  of  May  it 
is  in  the  eastern  part  of  the  constellation  Leo,  not  far  from 
Dcnebola,  and  is  slowly  retrograding.  This  westward  motion 
is  small, — only  about  as  much  as  the  Moon's  apparent  diameter, 
— and  continues  until  May  ioth.  The  planet  then  resumes  its 
eastward  motion,  slowly  at  first,  but  by  the  end  of  June  it  will 
be  about  130  east  and  south  of  its  position  on  May  ioth.  In 
going  eastward  it  will  follow  a  path  a  little  to  the  south  of  that 
pursued  in  its  westward  progress,  and  at  the  end  of  June  it 
will  be  about  40  south  of  the  position  it  occupied  at  the  end  of 
March.  The  path  of  the  planet  as  seen  from  the  Sun  crosses 
the  Earth's  orbit-plane  on  June  24th,  and  the  variation  of  dis- 
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tance  from  the  ecliptic  is  most  strongly  marked  at  this  time  of 
node  passage.  This  accounts  for  the  fact  noted  above  that  the 
westward  path  is  so  far  south  of  the  eastward.  The  distance 
of  the  planet  from  the  Earth  in  millions  of  miles  varies  from  66, 
on  May  ist,  to  84  on  June  1st,  and  104  on  July  1st.  On  June 
15th  it  is  at  about  the  same  distance  from  the  Earth  as  the 
Earth's  mean  distance  from  the  Sun.  The  planet  will  still  be 
very  bright,  but  at  the  end  of  June  its  brightness  will  be  only 
about  one  third  of  that  at  opposition. 

Jupiter  is  a  morning  star,  but  it  rises  earlier,  at  3  a.  m.  on 
May  ist,  at  1  a.  m.  on  June  ist,  and  shortly  after  11  p.  m.  on 
July  ist.  It  is  in  the  constellation  Pisces,  and  moves  about  70 
eastward  and  30  northward,  the  greater  part  of  the  distance 
being  traversed  in  May.  Toward  the  end  of  June  the  motion 
becomes  much  more  slow,  and  it  will  cease  about  the  middle  of 
July. 

Saturn  rises  shortly  after  1  a.  m.  on  May  ist,  at  about  11 :20 
p.  m.  on  June  ist,  and  at  about  9:16  p.  m.  on  July  ist.  It  is 
therefore  gradually  getting  to  a  position  for  evening  observa- 
tion. It  is  in  the  constellation  Capricorn,  and  moves  slowly 
eastward  until  May  20th.  It  then  begins  to  retrograde,  so  that 
its  position  at  the  end  of  June  is  about  i°  west  of  the  position 
at  the  beginning  of  May.  As  seen  in  the  telescope,  the  rings 
are  not  as  widely  open  as  they  were  a  year  ago,  the  ratio  of 
minor  to  major  axis  being  less  than  one  third. 

Uranus  conies  to  opposition  with  the  Sun  on  June  15th.  and 
is  therefore,  during  that  month,  above  the  horizon  nearly  all 
night.  Jt  is  still  in  the  southern  extension  of  Ophiuchus  be- 
tween Sagittarius  and  Scorpio,  and  moves  about  2°  westward 
during  May  and  June.  Unfortunately  there  is  no  bright  star 
near  it  to  afford  an  easy  means  of  identification. 

Neptune,  too  faint  to  be  seen  except  with  a  good  telescope, 
is  in  the  western  sky  in  the  evening  during  May,  and  reaches 
conjunction  with  the  Sun  on  June  23d.  On  May  15th  Venus 
passes  it  3°  to  the  north. 
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(FORTY-THIRD)    AWARD   OF   THE   DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  M.  Michel  Giacobini,  astronomer,  Nice 
Observatory,  France,  for  his  discovery  of  an  unexpected  comet 
on  December  2,  1902. 

The  Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 
Chas.  Burckhalter, 
Wm.  M.  Pierson. 


(FORTY-FOURTH)  AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  M.  Michel  Giacobini,  astronomer,  Nice 
Observatory,  France,  for  his  discovery  of  an  unexpected  comet 
on  January  15,  1903. 

The  Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 
Chas.  Burckhalter, 
Wm.  M.  Pierson. 


NOTICES   FROM   THE    LICK   OBSERVATORY.* 


Prepared  bv  Members  of  the  Staff, 


The  Oriut  of  t  Hydbm  AB. 

It  has  been  known  almost  from  the  time  of  its  discovery 
by  ScHIAPAHELLi  in  1&S8  that  the  close  double  star  known  as 
AC  of  1  Hydra?  is  a  binary  system  in  rapid  motion,  Measures 
made  by  Burn ham  with  the  36-inch  telescope  in  the  yean 
1888  to  i8y2  showed  an  increase  in  angle  of  40°  in  the  four 
years.  Later  observations  at  Greenwich  and,  since  1898,  at 
the  Lick  Observatory,  gave  evidence  that  the  rate  of  motion 
was  increasing,  the  angular  change  in  the  twelve  years  from 
discovery  to  lyoo  amounting  to  1500.  But  this  arc  was  not 
sufficient  to  warrant  any  conclusions  as  to  the  form  of  the 
orbit,  or  even  as  to  the  approximate  period  of  revolution. 

In  tyoi  I  examined  this  star  with  the  36-  in  eh  on  several 
nights,  but  could  see  no  measurable  elongation*  But  on  Novem- 
ber 15,  iy02f  I  found  no  difficulty  in  measuring  the  pair.  The 
disks  of  the  two  components  were  distinctly  separated,  and  one 
was  sensibly  smaller  than  the  other,  so  that  there  was  no  doubt 
about  the  quadrant,  The  smaller  star  was  in  the  second  quad- 
rant, as  it  had  been  at  the  time  of  discovery  in  1888,  and  had 
described  an  arc  of  200D  in  the  three  years  since  my  measures  in 
1900*  This  result  was  confirmed  by  two  measures  secured  in 
February  and  March  of  this  year. 

The  mean  of  Sghiafarelli's  measures  in  1888,  as  given 
by  BURNHAM,  f  is: — 

1888.28  142.0 

mi\  my  recent  measures  arc  : — 

[902.873        12*'  ,6 

1903  132  .8 

.177         136  -9 


O'.i? 

O  .21 

O  .18 


1903*06 


I32M 


•  Lick  Astronomical  Department  of  the  Universliy  of  California 
f  pu  Went  fans  of  th*  Lick  0&tfrvate*yt\'i>]>  H,  p.  <>S. 
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Plotting  these  measures  and  those  made  in  the  intervening 
years,  as  given  in  Table  I,  I  found  it  possible  to  represent  them 
satisfactorily  by  an  ellipse,  from  which,  by  graphical  methods, 
I  derived  the  following  set  of  elements : — 


T  =  1901. 1 

Q  =       io9°.5 

P  =       15.7  years 

*     =         35  -5 

e    =         0.685 

A    =       264  .7 

a    =         0".  24 

n    =  -f-  22  .293 

These  results  are  considered  as  approximate  only.  When 
further  observations  have  been  secured,  some  of  the  elements 
will  probably  require  considerable  correction;  but,  as  will  be 
seen  from  Table  I,  the  observations  so  far  published  are  repre- 
sented satisfactorily.  The  two  components  of  the  system  differ 
fully  two  magnitudes  in  brightness,  and  their  maximum  ap- 
parent separation  is  only  o".2$.  It  is  therefore  a  difficult  pair 
to  measure,  even  with  the  most  powerful  telescopes. 

There  is  a  third  star  about  3"  distant  which  with  the  close 
pair  forms  the  double  star  2  1273.  The  angular  motion  of  C 
about  the  bright  star  has  amounted  to  about  380  since  1830, 
without  material  change  in  the  distance.  It  is  thus  evident  that 
we  have  here  a  ternary  system. 

Still  further  interest  attaches  to  this  star  from  the  fact  that 
spectrographs  observations  show  that  its  velocity  in  the  line  of 
sight  is  variable.* 

At  present  it  is  not  possible  to  say  what  the  period  of  the 
spectroscopic  binary  is,  but  it  is  comparatively  a  long  one.  It  is 
interesting  to  note  that  the  plates  showing  the  maximum 
velocity  (+43  kilometers)  were  taken  when  the  visual  binary 
was  near  the  line  of  nodes ;  while  the  plate  showing  the  mini- 
mum velocity  (+28  kilometers)  was  taken  after  the  visual 
binary  had  described  an  arc  of  about  1800  and  was  again  near 
the  line  of  nodes.  This  may  mean  that  the  visual  and  spectro- 
scopic binaries  are  identical,  but  further  evidence  is  needed  to 
determine  this  question  with  certainty. 

The  table  that  follows  gives  the  data  on  which  my  orbit  is 
based,  and  shows  the  agreement  between  the  computed  and 
observed  places.  It  includes  all  complete  measures  that  I  have 
been  able  to  find,  except  those  made  at  Greenwich  in  1901. 
These  measures  place  the  smaller  star  in  the  fourth  quadrant 
instead  of  the  first,  and  hence  have  residuals  exceeding  90°. 


*  See  Lick  Observatory  Bulletin  No.  4,  and  Publications  A.  S.  P.,  Vol.  XIII,  p.  164. 
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Table  I. 

Date. 

Bo 

0c 

P° 

pc 

A0(o-c) 

Ap(o-c) 

1888.28 

I42°.0 

i45°-7 

0".2I 

o".23 

-  3°-7 

—  0".02 

1888.98 

154  .4 

153  0 

(>  .26 

0  .24 

+  1  .4 

+  0  .02 

1890.92 

170  .0 

170  .8 

O  .19 

0  .24 

—  0  .8 

—  0  .05 

1892.18 

179  .6 

182  .3 

O  .21 

0  .24 

—  2  .7 

—  0  .03 

1896.21 

2(2  .O 

223  -3 

O  .22 

0  .22 

—  «  -3 

+  0  .00 

1898.14 

250  .7 

246  .5 

O  .18 

0  .20 

+  4  .2 

—  0  .02 

I899-I5 

26l  .3 

261  .3 

O  .22 

0  .18 

±0.0 

+  0  .04 

1899.23 

263  -5 

262  .6 

O  .21 

0  .18 

+  0  .9 

+  0  .03 

1899.92 

274  .8 

276  .2 

O  .18 

0  .15 

—  1  .4 

+  0  .03 

1900.18 

293  .4 

283  .1 

O  .13 

0  .13 

+  10  .3 

±  0.  00 

1900.24 

267  .2 

284  .9 

O  .20 

0  .13 

—  17  .7 

+  0  .07 

190306 

132  I 

129  .9 

O  .19 

0  .20 

+  2  .2 

—  0  .01 

March  14, 

i9<>3- 

] 

Observer.  n 

SCHIAPARELLI  6 

BURNHAM 2 

BURNHAM 2 

BURNHAM 2 

Lewis 3 

AlTKEN I 

AlTKEN 3 

Lewis 4 

AlTKEN I 

AlTKEN 3 

Lewis 1 

AlTKEN 3 

R.  G.  AlTKEN. 


The  Pressure  of  Light  and  Heat  and  the  Experimental 

Production  of  an  Appearance  Resembling 

the  Tail  of  a  Comet. 

At  the  recent  meeting  of  the  American  Physical  Society  in 
Washington,  a  paper*  was  presented  by  Professor  E.  F. 
Nichols  and  G.  F.  Hull  giving  the  final  results  of  their  experi- 
ments upon  the  pressure  of  heat  and  light.  With  the  improve- 
ments in  the  apparatus  suggested  by  their  early  trials,  very 
accurate  results  have  been  obtained.  The  observed  pressures 
agreed  within  one  per  cent  of  those  computed  from  theory. 

The  effect  of  wave-lengths  on  the  pressure  was  tested.  The 
pressure  was  found  to  be  independent  of  the  wave-length  and 
to  depend  only  upon  the  energy  of  the  radiations.  This  is  in 
accordance  with  the  theory. 

A  very  interesting  application  of  this  pressure  effect  was 
made  by  the  investigators  in  the  production  of  an  appearance 
resembling  a  comet's  tail.  A  powder  consisting  of  a  mixture 
of  emery  and  puff-ball  spores  was  placed  in  a  vacuum-tube 
somewhat  resembling  an  hour-glass.  The  exhaustion  of  the 
tube  was  made  as  perfect  as  possible,  and  especial  care  was 
taken  to  get  rid  of  any  mercury  vapor.  When  the  powder 
was  poured  from  one  portion  of  the  tube  to  the  other  and  an 

*  "  Pressure  Due  to  Radiation.'-     In  the  anount  of  the  meeting  in  Science  of  January 

30,  1903- 
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arc-light  directed  upon  it  at  the  same  time,  the  lighter  portions 
of  the  powder  were  repelled,  producing  an  appearance  closely 
resembling  the  tail  of  a  comet.  The  effect  was  comparable  with 
what  was  to  be  expected  from  the  energy  observed.  The 
authors  considered  it  possible  that  the  phenomena  might  be 
produced  in  part  by  other  causes.  In  any  event,  the  experiment 
reproduced  with  great  accuracy  the  appearances  observed  in 
the  tails  of  comets. 

This  work  of  Nichols  and  Hull  points  the  way  to  other 
investigations  which  should  throw  much  light  on  the  vexed 
question  of  the  constitution  of  the  comets.  C.  D.  P. 

Notes  on  the  Three  Comets  now  Visible. 

Cornel  a  1903:  The  telegram  announcing  the  discovery  of 
a  new  comet  by  M.  Giacobini  at  Nice  was  received  at  the  Lick 
Observatory  on  January  20th,  but  continuous  stormy  weather 
prevented  observations  here  until  the  evening  of  January  29th. 
As  seen  with  the  12-inch  telescope  on  that  date,  the  comet 
appeared  to  be  about  as  bright  as  a  ninth-magnitude  star.  It 
was  small,  nearly  round,  and  with  only  a  feeble  condensation. 
During  the  month  of  February  the  comet  grew  steadily  brighter 
and  larger,  and  the  condensation  in  the  coma  became  more 
sharply  defined,  appearing  at  the  time  of  the  last  obsrvation 
as  a  bright  disk  about  2"  or  3"  in  diameter.  On  February  15th, 
a  faint  straight  tail  was  visible  to  a  distance  of  about  5'  in  the 
north-following  quadrant.  This  has  grown  brighter  and 
longer,  being  traced  to  a  distance  of  more  than  one  degree  in 
position-angle  470  on  February  25th.  When  last  seen  the 
comet  as  a  whole  was  as  bright  as  a  6.5-magnitude  star. 

Comet  d  1902:  Observations  secured  here  during  Febru- 
ary show  that  this  comet  is  following  very  closely  the  orbit 
given  in  No.  88  of  these  Publications  (p.  27).  The  residuals 
at  the  date  of  my  last  observations  (February  28th)  were  only 
—  o8.6  and  +  9".  The  comet's  appearance  has  changed  very 
little,  though  it  is  perhaps  fainter  than  at  first.  It  is  still  meas- 
urable with  the  12-inch  telescope,  and  can  probably  be  followed 
with  large  telescopes  for  a  month  or  two  more.  With  one  ex- 
ception its  perihelion  distance  is  greater  than  that  of  any  other 
comet  so  far  found. 
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Comet  b  1902:  Perrine's  comet  was  last  observed  here 
before  its  perihelion  passage  on  November  17,  1902.  After 
passing  the  Sun  the  comet  was  visible  only  to  observers  in  the 
southern  hemisphere  until  late  in  January,  1903.  On  the  29th 
of  January,  I  found  the  comet  close  to  the  place  predicted  by 
Stromgren's  ephemeris,  the  observed  data  being: — 

Jan.  29,  I2h  57m  38s  Mt.  Ham.  M.  T.  u  =  9h  5m  53'   99 

8=  _4i°o'55"7 

Since  then  the  comet  has  moved  rapidly  north  and  west, 
passing  close  to  Sirius  in  the  latter  part  of  February.  On 
February  28th  it  was  still  visible  in  the  3-inch  finder,  and  the 
36-inch  showed  a  faint  nucleus. 

Stormy  weather  has  prevented  observations  of  any  of  these 
comets  since  February  28th. 
March  16,  1903.  R.  G.  Aitken. 


ASTRONOM ICAL     TELEGRAMS. 

(Translations. ) 

Camhuidgk,  Mass.,  Jan.  20,  10,03. 
To  Lick  Observatory:  (Received  8:30  a.  m.) 

A  comet  was  discovered  by  (.ijacop.ini  at  Xice  on  January 
15th.  It  was  observed  at  Xice  on  January  ig.2498  (j.  M.  T., 
in  R.  A.  22h  ?j™  48s.o:  Decl.  +  2  17'  36".  The  daily  motion 
is  east   17',  north  12'.  (Signed)  E.  C  Pickering. 


Koston,  Mass.,  Jan.  22,  1903. 
To  Lick  (  )bservator\  :  (  Received  8  -.30  a.  m.  ) 

Comet  a  i<;o3  ( ( iiAconiNi  )  was  observed  by  Dinwiddie  at 
Washington,  on  January  21  4915  (].  M.  T.,  in  R.  A.  2311  om  6s. ^  ; 
Decl.  +  2    47'  46".  (Signed)  John  Ritchie.  Ik. 
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Cambridge,  Mass.,  Jan.  26,  1903. 
To  Lick  Observatory:  (Received  10  a.  m.) 

Kiel  cables  the  following  elements  and  ephemeris  of  Comet 
01903:— 

T=  1903,  March  24.8*  G.  M.  T. 

^"=133°     37') 

q  __         2        32     C  1933.0 

*=    30      30  > 
nat.  q  =  0.4085 

Brightness  on  Jan.  25  =  1.46,  on  Feb.  6  =  2.64. 

(Signed)  ,  E.  C.  Pickering. 

[The  ephemeris  at  4-day  intervals  from  January  25th 
to  February  6th  is  here  omitted.] 

Cambridge,  Mass.,  Jan.  26,  1903. 
To  Lick  Observatory:  (Received  1  p.  m.) 

Seares  telegraphs  that  he  observed  Comet  Giacobini  on 
January  25.5643  G.  M.  T.,  in  R.  A.  2311  4m  388-3;  Decl. 
+  30  48'  1 6".  (Signed)         E.  C.  Pickering. 


REPORTS   OF    OBSERVATORIES. 


ASTROPHYSICAL   OBSERVATORY   OF    THE    SMITHSONIAN    INSTITU- 
TION.* * 

During  the  past  year  the  acquisitions  of  property  have  been 
as  follows:  Apparatus. — Astronomical  and  physical  apparatus 
has  been  purchased  at  an  expenditure  of  $2,000.  Library  and 
Records. — The  library  has  been  enlarged  by  the  addition  of 
periodicals  and  books  of  reference  at  an  expenditure  of  $200. 
Books  and  periodicals  have  been  bound  at  an  expenditure  of 
$250.    Total  for  library,  $450. 

The  Solar-energy  Spectrum. — The  early  work  of  this  Ob- 
servatory described  in  Volume  1  of  its  Annals  was  chiefly  con- 
cerned with  the  minute  absorption  bands  in  the  intra-red  solar 
spectrum ;  automatic  prismatic  energy  curves  were  made  by  the 
aid  of  the  holographic  process,  and  such  inflections  of  these 
curves  as  were  found  not  accidental  in  their  origin  correspond- 
ed to  the  so-called  Fraunhofer  lines  of  the  visible  spectrum. 
Less  attention  was  paid  to  the  whole  height  of  these  curves  at 
their  various  parts  than  to  these  numerous  small  variations  in 
height. 

The  Absorption  of  the  Atmosphere  and  of  the  Solar  En- 
velope.— This  present  year  care  has  been  taken  to  obtain  energy 
curves  whose  heights  shall  be  comparable.  It  was  the  purpose 
of  this  work  to  study  the  general  absorption  of  the  sun's  en- 
velope, the  general  absorption  of  the  earth's  atmosphere,  and 
the  changes  in  the  selective  absorption  of  water  vapor  in  the 
latter.  It  is  the  further  object  toward  which  these  studies  tend  to 
see  if  the  Sun  is  constant  or  variable  in  its  output  of  radiation. 
While  the  results  of  the  past  year  indicate  possibility  of  con- 
siderable ultimate  success  in  this  final  object,  it  may 
probably  prove  that  the  situation  of  this  Observatory  is  un- 
suitable to  the  most  exact  studies  of  this  kind,  owing  to  the 
great  and  variable  absorption  of  the  air  column  above  it,  as  well, 
of  course,  as  to  the  ground  tremois  inherent  in  its  present  site, 


♦Condensed,    with    i>ermis>i<in,    from    "Report    of    the    Work    of    the    Astrophysieal 
Observatory  for  the  year  ending  June  30,  1002.  by  C.  (*•.  Abbott,  Aid  Acting  in  Charge." 
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surrounded  by  the  traffic  of  city  streets.  It  seems  certain,  how- 
ever, that  valuable  contributions  to  the  methods  of  study  to  be 
adopted  in  work  at  more  favorably  situated  stations,  and  to  the 
knowledge  of  terrestrial  absorption,  can  be  made  here. 

Absorption  of  the  Atmosphere  and  Selective  Absorption  of 
Water  Vapor. — Since  January  20th  all  favorable  opportunities 
have  been  used  to  take  quick-speed  energy  curves.  These  have 
been  made  with  quite  different  altitudes  of  the  Sun.  Sometimes 
as  many  as  15  have  been  taken  in  one  day,  and  160  were  secured 
between  January  20th  and  July  1st.  These  curves  are  studied 
from  two  points  of  view  :  first,  as  regards  the  variation  in  height 
for  single  wave-lengths  with  different  altitudes  of  the  Sun; 
second,  as  regards  the  variation  in  area  and  especially  the  areas 
of  the  great  regions  of  water-vapor  absorption.  The  first  kind 
of  examination  leads  to  the  determination  of  the  general  ab- 
sorption of  the  air,  the  second  to  fixing  the  variations  in  amount 
of  the  solar  radiation  and  of  the  special  selective  absorption  of 
water  vapor. 

To  illustrate  the  first  method  of  study,  let  us  suppose  several 
energy  curves  to  have  been  taken  in  a  single  clear  day,  during 
which  the  barometer  height  was  (B),  and  let  (Bo)  be  the  stand- 
ard barometric  height,  generally  taken  as  76°™.  From  the 
altitudes  of  the  Sun  as  computed  from  the  hour  angles  and 
declination,  the  air  mass  (wi)  is  determined.  This  quantity 
represents  the  ratio  which  the  mass  of  air  traversed  by  the  solar 
beam  bears  to  that  mass  of  air  which  would  be  traversed  if  the 
Sun  was  directly  overhead.  If  we  suppose  (e)  to  represent  the 
amount  of  radiant  energy  per  square  centimeter  of  a  certain 
wave-length  which  reaches  the  Earth's  surface,  and  (r0)  the 
amount  prior  to  absorption  by  the  Earth's  atmosphere,  and  let 
(a)  be  the  proportion  transmitted  per  unit  air  mass,  then  by  the 
well-known  formula  of  Bouguer  : — 

B 
m 

e  =  Cod     Bo 

But  since  the  height  (d)  of  the  holographic  energy  curve 

at  the  wave-length  in  question  is  proportional  to  (e),  we  may 

write : 

B 
m  — 

d  =  ke  =  ke<a     Bo 

where  (k)  is  an  instrumental  factor  connected  with  the  width 
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of  the  slit,  the  absorption  of  the  optical  surfaces,  the  quality  of 
the  bolometer,  and  the  sensitiveness  of  the  galvanometer.  We 
may  assume  (eo)  and  (k)  to  be  constant  for  the  short  space  of 
time  occupied  by  one  day's  observations.  We  then  obtain  the 
following  equation: — 

log  (d)  =  m  -  log  O)  +  log  (&?o) 
Bo 

of  which  the  last  term  is  constant.    This  equation  is  in  the  form 

of  the  equation  of  a  straight  line,  so  that  if  we  make  a  plot  in 

which   heights   are   proportional   to   logarithms   of    (d),    and 

p 

horizontal  distances  to  values  of  (jn  --),  the  various  observa- 

Bo 

tions  should  determine  a  straight  line  the  tangent  of  whose  in- 
clination is  the  quantity  log.  (a).  The  procedure  has  been 
followed  with  many  of  the  energy  curves  already  taken. 

Absorption  of  the  Solar  Envelope. — The  experiments  on  the 
absorption  of  the  solar  envelope  briefly  mentioned  in  last  year's 
report  were  continued  as  far  as  practicable  with  the  apparatus 
available. 

Personal-equation  Machine. — You*  have  placed  at  the  Ob- 
servatory for  trial  an  instrument  of  your  own  design  intended  to 
eliminate  the  so-called  personal  equation  of  individual  observ- 
ers in  transit  observations.  The  principle  of  this  instrument 
consists  in  substituting  a  judgment  of  the  place  where  a  sudden 
phenomenon  occurred  for  the  time  when  it  occurred.  To  use 
an  illustration  which  you  have  already  employed,  in  case  the 
dark  field  in  which  only  the  star  is  seen  moving  were  illumi- 
nated every  two  seconds  by  a  self-recording  flash  which  showed 
the  central  wire,  and  if  by  pure  accident  the  star  was  caught  in 
an  exact  bisection  when  the  Hash  came — an  accident  against 
which  the  chances  are  perhaps  more  than  a  hundred  to  one — 
it  is  evident  that  in  this  rare  and  improbable  event  there  would 
be  no  personal  equation  to  allow  for,  if  the  time  of  flash  within 
two  seconds  were  noted  by  the  observer.  Now,  the  object  of 
the  following  mechanism  may  be  said  to  be  to  make  this  acci- 
dent happen  every  time. 

This  being  understood,  as  first  tried  with  the  apparatus 
which  vou  furnished,  the  design  was  to  illuminate  the  cross- 


*  This  report  is  addressed  to  Professor  S.  P.  Lanc.lky.  Secretary  of  the  Smithsonian 
Institution. 
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wires  of  the  transit  instrument  by  automatically  recorded  elec- 
tric flashes  occurring  at  regular  intervals  equal  to  the  time 
elapsing  between  passages  of  the  star  across  successive  wires. 
An  adjustable  mechanism  allowed  the  observer  to  hasten  or 
defer  the  whole  system  of  flashes  until  by  successive  adjust- 
ments he  caught  the  exact  instant  when  the  star  was  bisected  by 
the  dark  wire  in  the  instantaneously  bright  field.  Several  such 
adjustments  could  be  made  during  a  single  star  transit  across 
the  numerous  wires  of  the  tally,  and  immediately  after  each 
satisfactory  bisection  a  signal  was  made  on  the  chronograph 
by  a  key  in  the  hand  of  the  observer,  so  that  only  such  recorded 
flashes  as  were  thus  distinguished  were  used  in  determining 
the  time  of  transit. 

In  order  to  test  the  value  of  this  instrument  an  artificial  star 
was  caused  to  move  through  the  field  at  a  rate  about  equal  to 
that  of  a  real  equatorial  star.  This  star  was  moved  by  a  screw 
and  clockwork  of  great  accuracy,  and  always  through  the  same 
portion  of  the  screw.  It  was  also  provided  that  when  the  star 
was  exactly  bisected  by  the  middle  wire  an  electrical  contact 
was  broken,  so  that  the  star  recorded  its  own  transit  upon  the 
chronograph.  The  adjustment  of  the  contact  for  this  bisection 
was  made  at  leisure  with  the  star  stationary,  and  was  therefore 
not  subject  to  the  personal  error  of  transit  observations.  Ac- 
cordingly, after  determining  all  the  wire  intervals,  it  was  en- 
tirely easy  to  measure  the  personal  equation  of  the  observer, 
whether  he  used  the  personal- equation  machine  or  the  ordinary 
method,  merely  by  comparing  his  observed  time  of  transit  with 
that  recorded  by  the  star  itself.  Upon  trial  it  was  found  that 
the  personal  equation  of  the  several  observers  was  not  wholly 
prevented  by  employing  the  machine  in  the  manner  described ; 
that  is,  by  bisections  judged  during  instantaneous  flashes.  The 
writer,  for  example,  observed  about  0.12  second  too  early  by 
both  methods. 

It  seemed  probable  that  the  observer  was  still  biased  in  his 
judgment  by  watching  the  march  of  the  star  through  the  field 
across  the  very  faintly  showing  wires,  which  are  always  to  be 
made  out  by  the  stray  light  of  the  star  and  sky,  even  though 
there  is  no  illumination  by  the  flash.  Accordingly  it  seemed  to 
promise  success  to  alter  the  arrangement  so  that  the  star  would 
he  hidden  except  at  the  instants  corresponding  to  those  when 
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the  flash  had  formerly  appeared,  and  to  steadily  Ohmnnate  the 
field  as  is  usual  in  transit  instruments.  In  the  test  this  was 
easier  than  in  actual  practice,  for  the  artificial  star  itself  could 
be  obscured  by  a  shutter  immediately  in  front  of  it,  which  could 
be  removed  instantaneously  by  the  electric  signal  from  the  per- 
sonal-equation machine.  The  same  thing  could,  however,  be 
done  at  the  focal  plane  of  the  telescope  in  real  use. 

Upon  trial  this  device  justified  all  hopes.  Three  observers 
whose  habit  is  to  observe,  one  too  early,  one  too  late,  and  the 
other  very  close  to  the  true  time,  were  found  all  to  observe  as 
close  to  the  truth  as  the  accidental  errors  would  admit,  which 
in  the  case  of  the  3-foot  focus  transit  instrument  employed  was 
generally  within  0.03  second.  In  other  words,  personal  equa- 
tion seems  to  be  wholly  eliminated  by  this  procedure.  The  gen- 
eral design  may  be  applied  without  great  expense  to  any  outfit 
of  transit  and  chronograph. 

Experiments  on  "Boiling''  of  the  Image. — I  add  a  few 
words,  partly  in  anticipation,  in  reference  to  your  newly-intro- 
duced device  for  preventing  the  well-known  effect  of  "boiling" 
of  the  telescopic  image,  a  difficulty  due  to  the  Earth's  atmosphere 
and  which  has  existed  always  and  everywhere,  and  which  has 
seemed  until  lately  so  insurmountable  that  it  has  not  even  been 
thought  of  3-  -ubiect  to  correction.  The  device  that  you  have 
-n^r, ..»,.,;  ,-M]>>>  essentially  not  in  keeping  the  air  still  within 
and  without  the  tcl^cope  tube,  hut  in  violently  agitating-  it  over 
a-  gp-pt  a  rang'-  a-  po--ible.  for  this  purpose,  under  your  in- 
struction -  and  with  the  object  <.f  rehearsing  on  a  small  scale 
what,  if  th«-  device  i?  successful,  will  be  later  tried  on  a  large 
one.  a  silvcred-glass  mirror  of  rive  inches  diameter  and  forty 
fe»  ?  focus  has  been  -et  up  in  a  tube  with  several  concentric 
ualN.  s<;  a>  to  leave  the  interior  air  as  still  as  possible.  In  pre- 
liminary experiments  the  air.  in  spite  of  these  precautions  in 
the  installation,  gave  such  "boiling"  of  the  image  as  to  seriously 
prejudice  the  definition,  and  this,  although  the  forty-foot  tube 
had  no  less  than  three  walls,  being  seven  inches  in  interior 
diameter  and  fifteen  inches  in  exterior  diameter,  and  inclosing 
the  beam  all  the  way  from  a  second  plane  mirror  near  the 
oelostat  to  the  concave  mirror  and  thence  to  the  focus.  Though 
this  tube  containing  the  stillest  air  of  the  most  uniform  tempera- 
ture was  sheltered  throughout  bv  a  canvas  tent,  the  "boiling" 
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was  but  a  little  diminished.  Nothing  was  gained  by  diminish- 
ing the  aperture  of  the  several  mirrors  down  to  one  inch  in 
diameter,  and  all  this  was  only  what  had  been  anticipated  from 
the  ordinary  experience  of  astronomers.  A  twelve-inch  blower 
run  by  an  electric  motor  was  now  caused  to  exhaust  air  from 
the  inner  tube  at  a  half-dozen  points  along  the  tube,  and  to 
force  air  in  at  other  points  alternate  with  these,  so  as  thus 
violently  to  disturb  or  "churn"  the  air  by  forcing  a  vigorous 
circulation  of  it  along  the  wrhole  path  of  the  beam  from  the 
coelostat  to  the  solar  image.  This  unquestionably  reduced  the 
"boiling."  An  artificial  star  was  now  provided  at  the  focal 
plane,  the  plane  mirror  near  the  coelostat  was  placed  at  right 
angles  to  the  tube,  and  thus  the  concave  mirror,  acting  as  both 
collimator  and  objective,  brought  the  star-image  to  focus  at  the 
star  itself.  Here  it  was  examined  with  an  eye-piece.  With  still 
air  the  definition  was  often  very  poor.  The  image  assumed 
very  variable  shapes,  with  wings  or  streamers ;  and  being  also 
colored  by  diffraction  effects,  reminded  one  of  a  kaleidoscope 
field.  On  starting  the  blower  the  definition  immediately  be- 
came sharp.  Violently  stirring  the  air  in  the  tube,  therefore, 
eliminates  the  "boiling"  within  the  tube  and  (paradoxically) 
produces  a  still  image.  As  before  said,  the  solar  image  was 
clearly  improved  by  the  stirring;  but  further  improvement  was 
still  to  be  desired.  Accordingly  a  tin  tube  forty-four  feet  long, 
with  two  walls  of  eleven  inches  interior  diameter  and  sixteen 
inches  exterior  diameter,  was  provided  and  arranged  to  point 
toward  the  Sun,  so  that  the  beam  passed  down  through 
it  before  reaching  the  mirror  system.  This  tube  was  con- 
nected to  the  blower  exactly  like  the  horizontal  one,  and 
both  could  be  stirred  at  once.  There  was  a  very  marked 
"boiling"  before  starting  the  blower.  This  nearly  disappeared 
while  the  blower  was  running.  One  observer  estimated  the 
''boiling"  as  four-fifths  overcome ;  another  thought  little  more 
than  a  quarter  remained,  and  all  were  unanimous  that  what 
was  left  was  very  little  prejudicial  to  the  definition.  This  last 
result  is  so  surprising  that  I  feel  constrained  to  add  that  the 
experiments  so  far  are  not  exhaustive,  having  been  carried  on 
but  a  short  time,  and  without  that  solidity  of  piers  which  would 
allow  of  exact  estimate  or  photographic  determination  of  the 
"boiling"  of  the  solar  image  before  and  during  agitation  of  the 
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air  in  the  tube,  as  distinguished  from  mechanical  jarring,  Fur- 
ther experiments  are  in  progress.  That  agitation  is  ol  very 
gu  at  advantage  to  diminish  "hotling**  there  is  M  question,  but 
the  exact  measure  of  the  advantage  for  all  circumstances  of  bad 
seeing  requires  further  study.  Incidentally,  the  air  blast  has 
the  added  advantage  of  keeping  the  mirrors  at  uniform  tem- 
uerature.  This  and  the  abolishment  of  "boiling"  in  the  tube 
are  found  to  prevent  those  vexatious  changes  of  focus  so  com- 
mon in  solar  work. 

Radiation  of  the  Cuban  Firefly. — In  continuance  of  your 
observations  on  the  cheapest  form  of  light,  two  specimens  of 
the  Cuban  firefly  were  loaned  by  the  Agricultural  Department. 
The  radiation  of  the  tboracic-li^ht  regions  of  these  insects  was 
briefly  studied  by  the  aid  of  the  bolometer  and  photometer,  A 
comparison  of  the  light  and  heat  of  the  standard  sperm  candle 
with  that  of  the  firefly  showed  the  latter  to  he  more  than  10,000 
times  more  economical  as  a  source  of  light. 

Personnel. — The  observsng-staff  has  been  unchanged  with 
the  following  exceptions:  Dr.  C  E.  Mknuknhall  was  em- 
ployed as  temporary  assistant  up  to  August  3,  lyoi,  and  Dr. 
N.  E.  Gilbert  as  temporary  assistant,  beginning  June  16,  1902. 


LEANDER  Mccormick  observatory  of  the  iwivkksity  ok  Vir- 
ginia. 

Ormonp  Stone,  DlRtEernn 

Among  the  recent  researches  undertaken  at  the  Leander 
McCormick  Observatory,  is  an  investigation  of  the  standards 
of  faint  stellar  magnitudes  in  co-operation  with  the  Harvard, 
Yerkes,  and  Lick  observatories,  to  be  followed  by  a  study  of 
the  more  important  long-period  variables.  The  former  work 
was  done  principally  by  Mr.  H,  D.  CuftTlSS  (Ph.  D.,  1902), 
now  of  the  Lick  Observatory;  in  the  latter  Professor  Stone 
is  assisted  by  Mr.  Paddock,  one  of  his  present  students. 


LOWELL  OBSERVATORY,  FLAGSTAFF,  A.  T. 

A  little  more  than  a  year  ago,  an  efficient  modern  spectrn- 
graph,  designed  and  built  by  John  A,  Bkashear,  of  Allegheny, 
Pa.,  was  added  to  the  equipment  of  the  observatory.  The  at- 
tachment of  this  instrument  to  the  twenty- four-inch  refractor 
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necessitated  the  enlargement  of  the  dome.  This  work  was 
begun  in  December,  1901,  and  completed  in  March  of  the  fol- 
lowing year.  During  this  period,  when  possible,  the  telescope 
was  used  in  measuring  star-disks. 

Since  that  time,  after  the  completion  of  the  adjustments  of 
the  spectroscope,  the  twenty-four-inch  refractor  was  devoted 
to  the  photographing  of  stellar  spectra  for  motion  in  the  line 
of  sight,  until  August.  Since  then,  the  time  has  been  divided 
between  stellar  and  planetary  work.  Successful  spectrograms 
have  been  obtained  from  Uranus,  Jupiter,  Saturn,  Mars,  Venus, 
and  the  asteroid  Vesta. 

During  the  last  part  of  the  year  considerable  time  has  been 
given  to  visual  observation  of  planets,  chiefly  Mars. 

January  31,  1903.  V.  M.  Slipher,  for  Observatory. 


THE       CHAMBERLIN      OBSERVATORY     OF      THE      UNIVERSITY     OF 

DENVER. 

During  the  first  six  months  of  1902  no  observations  were 
made  with  the  twenty-inch  telescope,  because  the  time  of  the 
observers  was  otherwise  filled.  But  some  minor  repairs  and 
alterations  were  made  in  the  instrument. 

In  July  Dr.  Charles  J.  Ling  began  a  search  for  Eros, 
which  culminated  in  its  visual  rediscovery  early  in  August. 
From  September  on  observations  of  comets  and  of  Eros  have 
been  made. 

February  7,  1903.  H.  A.  Howe,  Director. 


goodsell  observatory   of   carleton    college,   northfield, 

minnesota. 

The  research  work  of  this  observatory  is  at  present  devoted 
almost  exclusively  to  solar  and  celestial  photography.  A  few 
micrometric  observations  of  double  stars  and  comets  are  made 
with  the  sixteen-inch  refractor  on  nights  unsuitable  for  pho- 
tography. Daily  photographs  of  the  Sun  have  been  taken 
whenever  possible  since  1889.  The  approximate  measures  of 
the  photographs  taken  from  1889  to  1893  were  published  last 
summer  in  Publication  No.  3  of  Goodsell  Observatory. 

There  are  on  hand  something  like  1,200  solar  photographs 
taken  since  1893,  which  have  not  been  measured  because  of  the 
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lack  of  the  necessary  funds  for  assistance,  the  time  of  the  two 
professors  being  fully  occupied  with  their  duties  in  the  in- 
struction of  the  college  classes,  and  the  work  of  editing  "Pop- 
ular Astronomy." 

So  far  as  his  strength  would  permit,  Professor  Wilson 
has  given  his  time  on  the  moonless  clear  nights  to  long-exposure 
photographs  with  the  eight-inch  Clark  refractor,  the  six-inch 
Brashear  star-camera,  and  the  2^ -inch  Darlot  camera.  These 
three  instruments  are  on  the  same  mounting  and  are  guided 
by  means  of  a  five-inch  telescope  fastened  rigidly  to  the  eight- 
inch  and  of  the  same  focal  length  with  it.  Most  of  the  photo- 
graphs have  been  of  four  or  eight  hours'  exposure,  the  latter 
requiring  two  nights.  The  most  successful  one  of  the  An- 
dromeda Nebula  received  twelve  hours'  exposure,  requiring 
four  nights'  work.  The  longest  attempted  exposure  with  the 
eight-inch  was  one  of  seventeen  hours  on  the  Pleiades,  which 
failed  because  of  imperfect  backing  of  the  plate,  but  the  details 
shown  on  parts  of  the  plate  showed  that  the  limit  of  useful 
exposure  with  this  instrument  had  by  no  means  been  reached. 
With  the  smaller  instruments  the  exposure  has  seldom  been 
prolonged  beyond  eight  hours,  and  that  with  the  23^-inch  lens 
was  usually  stopped  with  one  night,  its  construction  being  such 
that  there  was  danger  of  shifting  the  plate  on  inserting  the 
slide.  A  number  of  the  photographs  taken  with  the  cameras 
indicate  the  existence  of  large  regions  of  very  faint  nebulosity, 
those  covering  large  portion>  of  the  constellations  Orion. 
Taurus,  and  Scorpio  being  the  most  notable.  They  are  so  faint 
that  very  careful  development  is  required  to  bring  them  out 
upon  the  plates,  and' prints  can  he  made  only  from  intensified 
copies.     They  require,  too,  the  most  transparent  atmosphere. 

During  the  past  six  months  our  time  for  research  work  has 
been  devoted  wholly  to  the  measurement  and  reduction  of  the 
photographs  of  Eros  taken  during  the  parallax  campaign  of 
the  winter  igoo-10,01.  I5y  the  aid  of  a  grant  of  $300  from  the 
Gould  blind  and  the  loan  of  the  Repsold  measuring-machine 
belonging  to  the  I'niversity  of  Minnesota,  we  were  enabled 
during  the  summer  to  measure  sixty-six  out  of  the  seventy- 
four  Eros  plates,  the  others  being  too  defective  for  measure- 
ment. The  number  of  comparison-stars,  of  the  list  published  in 
circulars   numbers   8   and   9   of   the   "Conference   Astrophoto- 
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graphiqnc-  Internationale,"  found  upon  each  plate  within  the 
range  of  good  definition,  varied  from  five  to  ten.  Both  co- 
ordinates were  measured,  in  two  opposite  positions  of  the  plate. 
Six  plates  taken  during  the  week  November  7- 15th  were  meas- 
ured a  second  time,  with  a  list  of  comparison-stars  furnished 
by  Mr.  Arthur  R.  Hinks,  of  Cambridge  Observatory,  Eng- 
land. For  these  plates  the  comparison-stars  numbered  twelve 
to  fourteen  each.  These  measures  are  to  be  used  by  Mr. 
Hinks  in  a  special  determination  of  the  parallax  from  the 
measures  at  many  observatories  during  that  one  week. 

The  work  of  reduction  goes  on  very  slowly  in  connection 
with  our  regular  duties,  but  the  measures  of  ten  plates  have 
already  been  reduced  provisionally.  These  ten  are  rather 
poorer  than  the  average,  but  the  results  obtained  show  that  they 
were  worth  measuring. 

The  probable  error  of  the  measurement  of  a  single  image  of 
a  star  on  one  plate  comes  out  about  o".20,  and  from  the  mean 
of  four  or  five  images  about  o".i2,  while  the  probable  error  of 
the  center  of  the  plate  from  all  the  stars  is  usually  below  o".io. 
The  Declinations,  as  a  rule,  come  out  better  than  the  Right 
Ascensions,  the  residuals  being  only  from  half  to  two  thirds  as 
great  in  the  former  as  in  the  latter.  This  difference  is  prob- 
ably due  to  the  slight  elongation  of  the  images  in  consequence 
of  the  imperfect  driving  of  the  clock.  On  the  best  of  the  plates 
the  images  are  perfectly  round  over  two  thirds  of  the  diameter 
of  the  field, — i.  e.  over  a  circle  with  a  radius  of  forty  minutes 
of  arc.  The  probable  error  of  a  single  measure  on  these  is 
about  o".u  and  that  of  the  center  of  the  plate  from  all  the 
comparison-stars  is  from  o".04  to  o".07. 

March,  1903.  William  W.  Payne,  Director. 


YERKES  OBSERVATORY,   WILLIAMS  BAY,   WIS. 

When  the  Yerkes  Observatory  was  dedicated  in  October, 
1897,  its  equipment  consisted  of  the  forty-inch  refractor,  with 
one  or  two  accessories,  and  the  instruments  which  had  formerly 
belonged  to  the  Kenwood  Observatory.  It  was  necessary  to 
supply  a  complete  series  of  accessory  instruments  for  use  with 
the  forty-inch  refractor,  and  a  numerous  collection  of  other 
instruments  required  for  the  varied  purposes  of  a  large  ob 
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servatory.  As  funds  were  not  available  for  this  purpose,  it 
was  decided  to  provide  a  well-equipped  instrument-shop,  in 
which  the  necessary  instruments  could  be  constructed.  The 
considerable  time  required  to  bring  into  effect  the  plan  of  in- 
vestigations prepared  when  the  observatory  was  under  con- 
struction has  been  due  in  large  extent  to  the  necessity  of  con- 
structing the  instruments  one  by  one  with  the  limited  means 
available  for  the  purpose. 

At  the  end  of  1901  the  equipment  was  fairly  complete, 
though  some  of  the  more  important  instruments  had  not  been 
finished.  During  the  year,  covered  by  this  report  (1902), 
however,  several  new  investigations  requiring  special  equip- 
ment have  been  undertaken,  and  the  present  programme  of  re- 
search represents  most  of  the  investigations  originally  proposed. 
The  further  additions  which  the  provision  of  new  funds  and 
the  completion  of  new  instruments  should  render  possible  dur- 
ing the  coming  year,  will  complete  the  original  programme. 

Staff. — The  staff  of  the  Yerkes  Observatory  is  at  present 
constituted  as  follows :  George  E.  Hale,  Professor  of  Astrp- 
physics  and  Director  (solar,  stellar  and  laboratory  spectros- 
copy) ;  S.  W.  Burn  ham,  Professor  of  Practical  Astronomy 
(double  stars)  ;  E.  E.  Barnard,  Professor  of  Practical  Astron- 
omy (micrometric  observations,  stellar  photography,  etc.)  ; 
Edwin  1>.  Frost,  'Professor  of  Astrophysics  (stellar  spectros- 
copy; velocities  in  the  line  of  sight)  ;  G.  \V.  Ritciily,  Instruc- 
tor in  Practical  Astronomy  and  Superintendent  of  Instrument 
Construction  (photography  of  ncbuke,  star-clusters,  etc.); 
Flrdinand  Fllkrman,  Instructor  in  Astrophysics  (solar  and 
stellar  spectroscopy,  and  general  photography)  ;  Storks  B. 
Barrktt,  Secretary  and  Librarian  (solar  spectroscopy). 
Waltkr  S.  Adams,  Assistant  (stellar  spectroscopy;  velocities 
in  the  line  of  sight)  J.  A.  Parkhlkst,  Assistant  (photometry 
and  stellar  spectroscopy);  X.  A.  Kknt,  Assistant  (laboratory 
spectroscopy);  J.  A.  Johannkskn,  Instrument  Maker;  O.  F. 
Romarl.  Machinist;  F.  R.  Sullivan,  Engineer  in  Charge  of 
40-inch  Telescope  and  Xight  Assistant;  F.  G.  Peask,  Optician. 

Double  Stars  (Professor  IUrxham). — Gp  to  the  end  of 
180/)  Professor  Bi'kniiam  was  engaged  in  measuring  all  stars 
of  short  period,  and  others  for  which  observations  were  lacking, 
for  use  in  his  "General  Catalogue  of  1290  Double  Stars,"  which 
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appeared  in  1900  as  Volume  I  of  the  Publications  of  the  Yerkes 
Observatory.  Since  that  time  he  has  confined  his  attention  to  a 
carefully  selected  list  of  stars,  consisting  mainly  of  long- 
neglected  and  little-known  pairs.  Many  of  these,  taken  from 
the  catalogues  of  Sir  William  Herschel,  Sir  James  South, 
and  other  astronomers  at  the  end  of  the  eighteenth  and  begin- 
ning of  the  nineteenth  centuries,  have  never  been  observed 
since  that  time.  The  list  also  includes  many  pairs  recorded 
in  various  journals  and  observatory  publications  during  the  last 
fifty  years  which  have  been  insufficiently  observed  or  not  meas- 
ured at  all.  Among  the  other  neglected  pairs  are  those  in  which 
the  evidence  of  decided  change  is  of  a  somewhat  doubtful  char- 
acter. These  have  been  reobserved,  and  the  supposed  change 
shown  to  be  real  in  some  instances,  but  due  to  errors  of  observa- 
tion in  others.  For  special  reasons  some  of  the  2  and  &  stars 
have  been  measured,  with  others  from  the  Astronomische 
Gesellschaft  catalogues.  Altogether  some  600  of  these  objects 
are  given  in  a  paper  which  will  appear  soon  in  Volume  II  of  the 
Publications  of  the  Yerkes  Observatory.  As  Professor  Burn- 
ham's  object  has  been  to  avoid  duplicating  work  done  else- 
where, he  has  placed  no  star  on  the  working-list,  which  would 
be  likely  to  be  measured  at  any  other  observatory. 

General  Micrometric  Observations  (Professor  Barnard). 
— Professor  Barnard  has  continued  his  work  on  the  satellite 
of  Neptune,  which  he  has  had  under  observation  for  several 
years.  He  has  also  obtained  several  valuable  series  of  measures 
of  the  fifth  satellite  of  Jupiter.  His  measures  of  61 l  Cygni,  for 
the  purpose  of  redetermining  its  parallax  and  testing  the  con- 
clusions of  WiLsiNG,  were  continued  during  the  year  and  are 
now  in  process  of  reduction.  Professor  Barnard's  most  ex- 
tensive investigation  with  the  forty-inch  refractor  has  been  a 
systematic  micrometrical  survey  of  between  600  and  700  small 
stars  in  the  globular  clusters  M  3,  M  5,  M  13  and  M  92.  In 
the  course  of  this  work  he  has  compared  his  measures  of  a  large 
number  of  stars  in  M  13  Herculis  with  Professor  Scheiner's 
measures  of  the  same  stars,  made  on  photographs  taken  at  Pots- 
dam in  1891.  The  comparison  shows  that  the  photographic 
and  visual  measures  in  general  agree  very  closely,  though  there 
are  a  few  discordances,  amounting  to  one  or  more  seconds  of 
arc.    Apparently  these  are  not  due  to  motion  in  the  stars,  but 
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rather  to  the  difficulty  of  making  the  photographic  measures 
in  the  case  of  defective  images.  In  the  period  of  ten  years 
there  does  not  appear  to  be  any  certain  proof  of  motion  in  any 
of  the  stars  under  observation.  In  the  course  of  the  work  on 
clusters  Professor  Barnard  has  given  special  attention  to  some 
of  the  variable  stars  in  M  5  Librae,  for  which  he  has  determined 
accurate  periods.  In  addition  to  the  work  here  mentioned, 
Professor  Barnard  has  done  a  large  amount  of  miscellaneous 
work  with  the  forty-inch  telescope,  including  micrometric  ob- 
servations of  planetary  nebulae ;  a  few  double  stars,  such  as 
Procyon;  determinations  of  the  position  and  focus  of  Nova 
Per  set,  etc.  The  measures  of  the  Nova  gave  no  evidence  of 
a  parallax.  Up  to  August,  1902,  long  after  the  spectrum  of 
the  Nova  had  changed  to  that  of  a  planetary  nebula,  it  was 
found  to  have  the  same  focus  as  that  of  a  neighboring  star. 
The  change  of  focus,  which  was  noted  in  September,  1902,  has 
been  described  in  the  Astrophy steal  Journal. 

Velocity  of  Stars  in  the  Line  of  Sight  (Professor  Frost 
and  Mr.  Adams). — The  Bruce  spectrograph,  which  was  com- 
pleted in  the  instrument-shop  of  the  observatory  early  in  1902, 
has  given  most  satisfactory  results.  None  of  the  difficulties 
•encountered  with  the  old  three-prism  spectrograph  have  ap- 
peared in  the  new  instrument,  and  the  degree  of  precision  fully 
equals,  if  it  docs  not  surpass,  the  highest  reached  elsewhere. 
The  twelve  lunar  spectra  photographed  during  the  year,  for  the 
purpose  of  testing  the  adjustment  and  trustworthiness  of  the 
spectrograph,  gave  a  mean  difference  of  o.2km  per  second 
between  the  observed  and  the  computed  radial  velocity  of  the 
Moon,  the  largest  difference  being  o.ykm  per  second.  The 
titanium  spark  was  chiefly  used  for  furnishing  the  comparison 
spectrum,  but  the  iron  and  chromium  spark  and  a  helium  tube 
were  also  employed  at  times.  The  principal  piece  of  work 
during  the  year  was  the  measurement  of  the  radial  velocities 
of  stars  having  spectra  of  the  Orion  type.  These  spectra  are 
not  adapted  to  very  accurate  measurement,  as  the  lines  are 
comparatively  few  and  are  generally  hazy  and  ill-defined.  In 
spite  of  this  fact,  the  results  have  proved  fairly  accordant. 
The  lines  commonly  present  and  measured  were  those  due  to 
one  or  more  of  the  following  elements  :  helium,  oxygen,  silicon, 
nitrogen,  hydrogen,  magnesium.     Tn  a  paper  to  appear  shortly 
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in  the  Publications  of  the  Yerkes  Observatory,  the  detailed 
results  of  the  investigation  of  the  radial  velocities  of  twenty 
stars  will  appear.  The  velocities  found  for  these  stars,  ex- 
pressed in  kilometers  per  second,  are  given  below : — 


Pegasi  . . . . 

Cassiopeice . 

Cassiopeia . 

Persei. .  . .  . 
fi  Orionis. .  . . 
y  Orionis. .  .  , 
c  Orionis.  . .  . 
£  Orionis. . . . 
«  Orionis. . .  . 
fi  Can.  maj. . . 


:::t 


5.4 
2.9 

—  5-9 

—  22.1 

—  -  20. 7 
--  18.0 
--  26.7 

—  18.3 

—  17.1 
--32.6 


€  Can.  maj.  ...  -4-  27. 2 

17  Leonis -|-    3.5 

y  Corvi —    7.0 

t  Herculis  ....  —  12.7 

{  Draconis . ...  —  14.4 

1  Her  cutis  ....  —  164 

67   Ophiuchi ....  —    3.1 

102  Herculis —  10.8 

17  Lyra —    9. 1 

€  Delphini  ....  —  26.2 


Many  of  these  stars  are  near  the  apex  or  anti-apex  of  the 
Sun's  way,  and  if  corrected  for  the  solar  motion  the  resulting 
absolute  radial  velocities  would  be  small.  In  the  course  of  the 
year  six  spectroscopic  binaries  were  discovered,  and  have  been 
made  the  subject  of  special  investigations.  An  orbit  for  one 
of  these  binaries,  rj  Ononis,  has  been  computed  by  Mr.  Adams. 

Through  Professor  Frost's  initiative  an  important  co-opera- 
tive movement,  participated  in  by  the  principal  observatories 
engaged  in  investigations  of  radial  velocity,  has  been  set  on 
foot.  This  involves  the  systematic  measurement  of  the  radial 
velocities  of  certain  standard  stars,  selected  with  particular 
reference  to  their  suitability  for  measurement.  The  results  of 
this  work  will  give  for  the  first  time  a  reliable  means  of  deter- 
mining systematic  errors  in  investigations  of  radial  velocity. 

The  Spectra  of  Stars  of  Secchi's  Fourth  Type  (Professor 
Hale,  Mr.  Ellerman,  and  Mr.  Parkhurst). — An  investiga- 
tion of  the  spectra  of  red  stars  of  Secchi's  fourth  type  was  com- 
pleted during  the  year.  Some  250  photographs,  made  with  a 
three-prism  spectrograph  attached  to  the  forty-inch  refractor 
and  the  two-foot  reflector,  ranging  in  exposure  time  from  a 
few  minutes  up  to  twenty-five  hours,  were  obtained  in  the 
course  of  this  research.  A  special  study  has  been  made  of  eight 
stars,  in  whose  spectra  the  wave-lengths  of  several  hundred 
bright  and  dark  lines  have  been  measured.  The  bright  lines 
have  not  been  certainly  identified,  but  the  dark  lines  have  been 
found  to  be  due  to  iron,  titanium,  and  various  other  substances. 
They  have  also  served  for  the  determination  of  the  radial  velo- 
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cities  of  the  stars.  Low-temperature  lines,  particularly  those  of 
calcium,  are  very  conspicuous  in  these  spectra.  In  many  cases 
the  more  conspicuous  dark  lines  seem  to  correspond  with  lines 
which  are  widened  in  the  spectra  of  sun-spots,  but  this  cannot 
be  made  the  basis  of  any  theoretical  conclusions  before  further 
investigations  with  higher  dispersion  have  been  made. 

Solar  Observations  (Professor  Hale,  Mr.  Ellerman,  and 
Mr.  Barrett). — The  programme  of  solar  work  prepared  for 
the  Yerkes  Observatory  includes  systematic  investigations 
along  the  following  lines : — 

i.  Direct  Photography:  Daily  photographs  of  the  Sun  on 
a  scale  of  seven  inches  to  the  solar  diameter ;  large-scale  photo- 
graphs of  spots  and  other  regions. 

2.  Monochromatic  Photography :  Daily  photographs  with 
the  spectroheliograph,  for  systematic  study  of  the  form,  area, 
distribution,  and  motion  of  the  calcium  vapor  on  the  disk  and 
in  the  chromosphere  and  prominences.  Comparative  photo- 
graphs in  various  bright  and  dark  lines  and  other  special  re- 
searches. 

3.  Daily  photographs  of  the  spectrum:  (a)  of  sun-spots, 
for  the  systematic  study  of  the  positions  and  intensities  of  the 
widened  lines  and  the  bright  H  and  K  lines;  (b)  of  various 
regions  of  the  photosphere,  for  the  study  of  the  bright  H  and  K 
lines  and  the  detection  of  possible  changes  in  the  position  or 
intensity  of  dark  lines;  (c)  a  special  series  of  photographs 
taken  at  the  shortest  practicable  time  intervals,  near  the  sun- 
spot  maximum,  in  order  to  register,  if  possible,  such  remark- 
able changes  in  the  reversing  layer  as  were  recorded  on  a  single 
plate  taken  at  Kenwood  in  1894. 

4.  Special  researches,  radiometric,  visual,  and  photographic, 
on  the  spectrum  of  the  reversing  layer  and  the  chromosphere 
with  a  large  solar  image  and   powerful  grating  spectroscope. 

5.  Investigations  on  the  solar  rotation,  determined  with  the 
spectroheliograph  and  by  spectrograph^  observations  of  the 
photosphere,  spots,  chromosphere,  and  prominences. 

h.   Radiometric  investigations  of  various  kinds. 

7.  Visual  observations  to  supplement  those  made  photo- 
graphically. 

Through  unavoidable  delays  in  the  construction  of  the 
necessarv  instruments,  some  of  these  investigations  are  not  vet 
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in  progress.  At  present  the  direct  photographs  of  the  Sun  are 
being  taken  daily  with  the  twelve-inch  refractor,  which  gives 
a  solar  image  two  inches  in  diameter.  In  a  short  time,  however, 
this  work  will  be  transferred  to  the  forty-inch  telescope,  which 
gives  a  seven -inch  image.  The  large  spectroheliograph  con* 
struct ed  for  the  forty-inch  telescope,  in  spite  of  its  great  size 
and  weight,  and  the  special  mechanical  arrangements  required 
for  its  operation,  has  yielded  excellent  results  after  a  large 
amount  of  experimental  work.  The  slits  of  this  instrument  are 
eight  inches  long,  permitting  the  seven -inch  solar  image  given 
by  the  forty- inch  telescope  to  he  photographed  in  monochro- 
matic light.  When  the  construction  of  the  ctelostat  reflector  had 
been  decided  upon,  it  was  thought  best  to  transfer  the  spectro- 
heliograph from  the  forty-inch  telescope  to  this  instrument. 
But  the  delay  occasioned  by  the  injury  of  the  latter  instrument 
by  fire  has  caused  us  to  resume  the  work  with  the  large  tele- 
scope, and  a  daily  scries  of  photographs  is  now  being  secured 
with  the  large  spectroheliograph.  Excellent  photographs  have 
been  obtained  with  the  remodeled  Kenwood  grating  spectro- 
graph of  the  widened  lines  in  the  spectra  of  sun-spots,  and 
many  of  these  have  been  measured.  Various  special  studies 
have  also  been  made  of  the  spectrum  of  the  chromosphere. 
The  large  size  of  the  solar  image  given  by  the  forty-inch  tele- 
scope renders  it  particularly  suitable  for  this  work. 

Photography  of  the  Moon,  Nebithr,  and  Star  Clusters  (Mr. 
Ritcfiey). — Mr,  Ritciiey's  successful  adaptation  of  the  forty- 
inch  visual  refractor  for  photography  by  the  use  of  a  color- 
screen  and  double-slide  plate-holder  has  made  it  possible  for 
him  to  obtain  many  important  photographs  of  the  Moon, 
nebula?,  and  star-clusters  with  the  large  telescope.  When  com- 
pared with  similar  photographs  taken  with  the  largest  photo- 
graphic refractors,  these  results  appear  to  surpass  in  sharpness 
any  previously  obtained.  The  simplicity  and  cheapness  of  the 
color-screen  method,  and  the  ease  with  which  it  can  be  applied 
to  existing  visual  telescopes,  will  recommend  it  to  those  who  arc 
not  provided  with  photographic  telescopes.  In  the  lack  of  a 
measuring-machine,  which  will  be  supplied  in  the  immediate 
future,  it  has  not  been  possible  to  make  a  careful  study  of  llu 
distortion  of  the  negatives  produced  by  the  color-screen.  There 
seems  to  be  no  doubt,  however,  that  this  is  of  such  a  char- 
acter that  it  can  easily  be  allowed  for, 
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The  excellent  results  obtained  by  Mr.  Ritchey  in  photo- 
graphing the  nebula  sun  oun ding  Nova  Persei,  as  well  as 
various  other  nebulae  and  star-clusters,  with  the  two-foot  re- 
flector recently  constructed  in  the  observatory  shops,  have 
demonstrated  that  work  of  great  importance  can  be  done  with 
a  properly  constructed  reflecting  telescope  of  comparatively 
small  aperture.  There  can  be  no  doubt  that  the  development 
of  reflecting  telescopes  during  the  last  fifty  years  has  been 
greatly  retarded  by  the  insufficient  attention  given  to  the 
mechanical  design  and  construction  of  the  mountings.  The  ex- 
cellent photographs  obtained  with  the  Crossley  reflector  by 
Professor  Keeler  and  Mr.  Pekrine  indicate  that  with  sufficient 
skill  and  persistence  some  of  the  older  instruments  may  yield 
good  results,  but  with  suitably  designed  mountings  most  of 
the  difficulties  experienced  in  this  work  disappear.  The  re- 
markable photographic  efficiency  of  the  reflector  is  shown  by 
the  fact  that  stars  at  the  limit  of  vision  with  the  forty-inch 
refractor  can  be  photographed  with  the  two-foot  reflector  in 
forty  minutes.  With  longer  exposures  innumerable  stars,  one 
or  perhaps  two  magnitudes  fainter  than  those  at  the  limit  of 
the  forty-inch,  can  be  photographed.  As  there  can  be  no  doubt 
that  larger  reflectors,  when  used  under  good  atmospheric  con- 
ditions, will  produce  proportionately  better  results,  it  is  hoped 
that  means  may  soon  be  found  to  mount  the  five-foot  mirror 
made  by  Mr.  Ritciil:v  in  the  optical  shop  of  the  Yerkes  Ob- 
servatory, 

Photometry  (Mr.  Parkhurst). — For  some  time  past  the 
Yerkes  Observatory  has  been  co-operating  with  the  Harvard, 
McCormick,  and  Lick  observatories  in  the  work  of  determining 
standards  for  faint  stellar  magnitudes  with  a  wedge  photometer 
supplied  by  the  Rumford  Committee  of  the  American  Academy 
of  Arts  and  Sciences.  Mr.  Park  hurst  has  made  a  careful 
series  of  determinations  of  the  wedge  constant  by  the  method 
of  standard  stars  and  also  with  a  wheel  photometer.  The 
wedge  photometer  has  been  systematically  used  with  a  six-inch 
reflector  and  with  the  twelve-inch  and  forty-inch  refractors. 
In  addition  to  the  observations  of  faint  standards  made  with 
the  forty-inch  telescope,  which  have  been  fewer  than  was  hoped 
on  account  of  the  unusually  had  weather  and  the  small  amount 
of  time  that  could  he  spared   from  other  investigations.   Mr. 
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Parkhurst  has  photographed  many  of  the  fields  containing 
the  standards  with  the  two-foot  reflector.  Paper  prints  of 
these  show  stars  down  to  the  seventeenth  magnitude  or  fainter, 
and  render  the  identification  of  the  faint  standards  certain,  a 
work  equally  important  with  the  photometric  measures  them- 
selves. In  addition  to  this  photometric  work,  Mr.  Parkhurst 
has  continued  his  observations  of  variable  stars,  giving  special 
attention  to  those  which  are  exceedingly  faint  at  minimum. 

Spectroscopic  Laboratory  (Professor  Hale  and  Dr.  Kent). 
— During  the  year  the  equipment  of  the  spectroscopic  labora- 
tory has  been  greatly  increased,  and  now  includes  a  six-inch 
concave  grating  spectroscope  of  2il/2  feet  focal  length,  with 
smaller  concave  gratings  for  special  purposes;  a  3  K.  W. 
no-volt  alternating  dynamo,  presented  by  Dr.  George  S. 
Isham;  a  i  K.  W.  transformer,  giving  15,000  or  30,000  volts; 
various  induction  coils,  including  a  high-frequency  coil  pre- 
sented by  Mr.  James  Lyman  ;  a  large  condenser,  volt-,  watt-, 
and  ammeters,  and  other  apparatus  presented  by  Dr.  Isham; 
and  various  miscellaneous  instruments.  The  various  light 
sources,  including  the  arc  in  air,  rotating  arc  in  liquids,  spark 
in  air  at  various  pressures,  spark  in  liquids,  etc.,  are  arranged 
on  the  circumference  of  a  circular  table,  at  the  center  of  which 
is  a  plane  mirror.  By  means  of  this  mirror  the  light  from  any 
source  can  be  reflected  to  a  large  concave  mirror,  which  forms 
an  image  of  the  source  on  the  slit  of  the  concave  grating  spec- 
troscope in  the  adjoining  room.  To  pass  from  one  source  to 
another  it  is  only  necessary  to  rotate  the  plane  mirror.  This 
arrangement  has  proved  very  convenient  in  practice,  and  is  be- 
lieved to  eliminate  the  danger  of  such  displacements  of  lines 
as  sometimes  occur  when  an  adjustable  image  lens  is  used  in 
front  of  the  slit. 

The  principal  work  of  the  spectroscopic  laboratory  during 
the  year  has  been  an  investigation  on  the  spark  spectra  of  iron 
and  other  metals  in  liquids  and  in  air  at  high  pressures,  in  con- 
nection with  solar  and  stellar  spectra.  By  changing  the  constants 
of  the  discharge  circuit,  or  by  varying  the  pressure  of  the  air 
in  which  the  spark  is  observed,  it  has  been  found  possible  to 
pass  by  successive  steps  from  a  bright  line  spectrum  to  one  con- 
sisting almost  wholly  of  dark  lines  in  the  ultra-violet.  The 
reversals  appear  first  in  the  ultra-violet  and  gradually  advance 
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toward  the  less  refrangible  region,  thus  reproducing  the  effect 
observed  by  Professor  Campbell  in  certain  stars,  whose  spectra 
contain  dark  hydrogen  lines  in  the  ultra-violet  and  bright  ones 
in  the  less  refrangible  region.  A  careful  study  has  been  made 
of  the  displacements  of  the  lines  which  accompany  the  changes 
of  the  absorption  phenomena,  and  these  are  being  discussed 
with  reference  to  their  bearing  on  the  spectra  of  temporary 
stars. 

Coelostat  Reflecting  Telescope. — In  view  of  the  excellent 
photographs  of  the  corona  obtained  by  Professor  Barnard 
and  Mr.  Ritchey  at  the  eclipse  of  May  28,  1900,  with  the  aid 
of  a  coelostat  constructed  in  the  observatory  shops,  it  was 
decided  to  build  a  much  larger  coelostat,  to  be  used  with  concave 
mirrors  of  various  apertures  and  focal  lengths  for  astronomical 
photography  and  for  spectroscopic  observations  requiring  the 
use  of  large-grating  spectroscopes  mounted  under  laboratory 
conditions.  The  coelostat,  which  had  a  mirror  of  thirty  inches 
aperture,  was  completed  with  the  aid  of  grants  from  the  Rum- 
ford  and  Draper  Funds  in  the  autumn  of  1902.  Light  from  the 
coelostat  mirror  was  reflected  to  a  second  plane  mirror  of 
twenty-four  inches  aperture,  which  sent  the  rays  in  a  south- 
westerly direction  to  a  concave  mirror  of  sixty-two  feet  focal 
length.  This  mirror  returned  the  rays  and  formed  the  image 
near  the  coelostat.  All  parts  of  the  apparatus,  including  the 
mirrors,  were  made  in  the  observatory  shops  under  the  direc- 
tion of  Mr.  Ritchey.  For  direct  photography  a  double-slide 
plate-holder  was  to  be  used.  For  photographic  work  on  the 
spectra  of  some  of  the  brightest  stars  there  was  provided  a 
concave-grating  spectrograph,  having  a  six -inch  grating  ruled 
by  Mr.  Jewell  on  Professor  Rowland's  engine  for  this  re- 
search, used  in  conjunction  with  a  collimating  lens  of  five  inches 
aperture  and  thirteen  feet  focal  length.  This  was  mounted  on 
solid  piers  in  a  double-walled  room,  arranged  with  automatic 
apparatus  to  maintain  a  constant  temperature.  When  in  process 
of  adjustment,  the  insulation  of  the  wires  connected  with  the 
comparison-spark  apparatus  broke  down,  setting  fire  to  the 
walls  of  the  room.  A  high  wind  was  blowing,  and  it  was 
impossible  to  extinguish  the  tlames,  which  destroyed  the  spec- 
trograph house  and  the  building  containing  the  ccelostat  and 
mirrors.     The  twenty-four-inch  plane  mirror  was  saved,  and 
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most  of  the  heavier  parts  of  the  apparatus  were  not  injured. 
The  reconstruction  of  the  instruments  is  going  on  rapidly  in 
the  Observatory  shops,  and  it  is  hoped  that  they  may  be  in  use 
during  the  summer  of  1903. 

Bruce  Photographic  Telescope. — A  ten-inch  photographic 
objective  of  the  portrait-lens  type,  having  a  focal  length  of 
fifty  inches,  was  completed  by  Brashear  and  thoroughly  tested 
by  Professor  Barnard  during  the  year.  There  has  been  great 
delay  in  securing  a  suitable  objective,  on  account  of  the  diffi- 
culty of  obtaining  a  sufficiendy  large  field.  With  the  present 
lens,  used  with  a  plane  plate,  it  is  expected  that  good  definition 
will  be  obtained  over  a  field  about  90  in  diameter.  This  will  be 
extended  to  120  by  the  use  of  a  curved  plate.  Warner  & 
Swasey  have  made  designs  for  the  mounting,  and  it  is  hoped 
that  the  instrument  will  be  ready  for  use  in  the  summer  of 
1903. 

Publications. — Volume  II  of  the  Publications  of  the  Yerkes 
Observatory,  containing  papers  by  Messrs.  Burn  ham, 
Barnard,  Moulton,  Frost,  and  Adams;  Hale,  Ellerman, 
and  Parkhurst;  Ritchey  ;  and  Laves,  will  be  published 
within  a  few  months.  Observatory  bulletins  are  now  issued 
rarely,  and  are  used  only  to  provide  for  the  publication  of  in- 
formation which  does  not  naturally  find  a  place  in  other  chan- 
nels. The  usual  number  of  scientific  papers  have  been  com- 
municated by  members  of  the  staff  to  the  various  journals. 

Grant  from  the  Carnegie  Institution. — The  Carnegie  Insti- 
tution has  appropriated  $4,000  to  be  expended  by  the  Director 
of  the  Yerkes  Observatory  for  various  investigations  to  be  un- 
dertaken during  the  year  1903.    These  will  include: — 

1.  A  photographic  investigation  of  stellar  parallaxes,  to  be 
made  by  Dr.  Frank  Schlesinger,  now  in  charge  of  the  Inter- 
national Latitude  Observatory  at  Ukiah,  California.  Dr. 
Schlesinger  will  commence  his  work  at  the  Yerkes  Observa- 
tory in  May. 

2.  Special  photometric  observations,  by  Mr.  J.  A.  Park- 
hurst. Hitherto  Mr.  Parkhurst  has  devoted  the  greater 
part  of  his  time  to  the  measurement  and  reduction  of  stellar 
spectra,  but  hereafter  his  entire  attention  will  be  given  to 
photometric  work  and  related  investigations  on  variable  stars. 

3.  A  detailed  study  of  the  photographs  of  the  Sun,  number- 
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ing  over  3,000,  taken  during  the  years  1891-1896  with  the 
spectroheliograph  of  the  Kenwood  Observatory.  Mr.  Philip 
Fox,  formerly  Instructor  in  Physics  at  Dartmouth  College, 
is  assisting  in  this  work. 

4.  Various  special  investigations,  which  will  probably  in- 
clude stellar  and  solar  spectroscopic  work  with  the  coelostat 
reflector.  George  E.  Hale,  Director. 


LICK   OBSERVATORY,    MOUNT    HAMILTON,    CALIFORNIA.* 

The  Lick  Observatory  suffered  an  irreparable  loss  in  the 
untimely  death  on  August  12,  1900,  of  Dr.  James  Edward 
Keeler,  Director  from  June  1,  1898.  The  announcement  of 
his  death  came  as  a  great  shock  to  his  colleagues  and  friends 
widespread,  who  had  seen  before  him  a  career  of  rarest 
promise.  The  elements  of  his  successes  were  simple,  and  plain- 
ly in  view.  His  openness  and  honesty  of  character,  his  willing- 
ness and  quickness  to  see  all  points  of  view,  his  strong 
appreciation  of  the  humorous  as  well  as  the  serious,  and,  above 
all,  his  abounding  good  sense, — these  traits  made  his  compan- 
ionship delightful  and  charming.  His  published  papers  have 
a  Completeness,  a   ripeness,  and  a   finish   rarely   seen. 

Our  appreciation  of  his  worth  has  not  grown  dim  with  time. 

Dr.  Kmklek's  last  observations  were  made  with  the  Crossley 
reflector  in  the  hope  of  recording  the  image  of  a  ninth  satellite 
of  Saturn,  reported  to  exist  by  Professor  \V.  H.  Pickkkixg. 
Xo  trace  of  the  satellite  was  detected,  but  the  plate  of  June  28, 
1900,  led  to  the  discovery  of  an  asteroid,  iqoo  GA, — probably 
the  faintest  one  known. 

While  the  Observatory  is  pre-eminently  an  observation-sta- 
tion, yet  it  is  not  so  in  a  narrow  sense.  Success  in  observational 
work  demands,  (  1  )  knowledge  of  what  has  been  done  by 
others;  (2)  knowledge  of  pending  problems,  and  of  the  most 
promising  methods  for  their  solution;  (3)  knowledge  as  to 
how  observations  will  be  used,  and  when  they  should  be  made, 
in  order  that  they  may  bear  most  efficiently  upon  the  problem. 

*  Slightly  abridged  by  Professor  Camphki.l  from  his  "Biennial  Report  to  the 
President  of  the  l"niver>ity  of  Calilornia,"  covering  the  period  July  i,  1900,  to 
July   1,   1902. 
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An  institution  whose  efforts  were  confined  strictly  to  securing 
observations  would  soon  be  making  inferior  observations.  Pro- 
gressive observers  must  be  acquainted  with  the  theories  of  their 
subjects,  and  must  undertake  occasional  theoretical  studies, 
as  well  as  computations  of  considerable  extent.  The  Director 
has  constantly  held  in  mind  the  necessity  for  increasing  the 
efficiency  of  the  Observatory  wherever  possible.  The  instru- 
ments have  been  kept  in  perfect  repair,  and  efforts  have  been 
made  to  provide  all  desirable  improvements.  Lack  of  financial 
resources  has  necessarily  limited  the  latter  work  to  the  most 
pressing  cases. 

The  hydraulic  engine  for  turning  the  dome  of  the  great 
telescope  had  been  working  badly  for  several  years,  limiting 
to  an  appreciable  extent  the  productiveness  of  the  telescope 
itself.  The  expert  machinist  who  had  superintended  the  erec- 
tion of  the  dome  was  employed  in  January,  1901,  to  examine 
its  running  mechanism,  and  to  make  the  necessary  improve- 
ments. It  was  found  that  the  brass  feed-cylinders  of  the  engine 
were  badly  worn,  permitting  very  considerable  leakage,  thereby 
in  effect  decreasing  the  hydraulic  pressure  on  the  pistons.  The 
cylinders  were  drilled  true,  and  new  piston-heads  were  pro- 
vided. It  is  gratifying  to  report  that  the  dome  and  its  entire 
mechanism  now  perform  at  least  as  satisfactorily  as  they  did 
when  new. 

The  original  design  of  the  great  telescope  did  not  provide 
for  power  to  wind  the  driving-clock;  it  was  wound  by  hand. 
A  Pelton  water-wheel  was  installed  for  this  purpose  in  1890, 
but  it  never  had  sufficient  power  to  do  the  work  without 
assistance  from  the  observer.  In  the  past  year  the  water- 
power  has  been  applied  more  directly  to  the  wheel,  and  the 
crude  device  for  communicating  the  power  to  the  clock  has 
been  replaced  by  sprocket  wheels  and  chain.  The  winding 
apparatus  now  acts  immediately,  without  assistance  from  the 
observer. 

Further  to  increase  its  efficiency,  Mr.  Wright  has  designed, 
and  the  instrument-maker  has  constructed,  a  device  for  turn- 
ing the  water-power  on  and  off  automatically.  This  will  be 
put  in  place  in  the  near  future;  and  it  is  hoped  that  the  ob- 
server's duties  in  connection  with  the  clock  will  be  confined 
to  starting  it  in  the  evening  and  stopping  it  in  the  morning. 
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The  need  of  a  wind-screen  in  the  opening  of  the  dome  had 
been  felt  for  many  years.  The  violent  vibration  of  the  tele- 
scope when  the  opening  was  turned  toward  the  wind  made  it 
impossible  to  secure  accurate  observations.  A  temporary  screen 
was  put  in  place  in  the  fall  of  1900,  especially  for  use  in  the 
Eros  campaign.  This  served  its  purpose  so  well  that  a  perma- 
nent screen  on  analogous  lines  was  designed  in  1901  by  our 
carpenter,  and  was  manufactured  and  put  in  place  by  him. 

It  is  necessary  that  frequent  repairs  be  made  to  the  great 
telescope.  This  is  not  at  all  surprising  in  view  of  the  fact  that 
this  excellent  instrument  is  used  throughout  every  good  night. 
A  serious  defect  recently  developed  in  the  Right  Ascension  slow- 
motion  and  clamping  trains.  This  gradually  grew  more  trou- 
blesome, until  in  April,  1902,  these  trains  suddenly  refused  to 
operate.  Upon  investigation  it  was  found  that  the  trouble 
existed  at  the  junction  of  the  polar  and  declination  axes.  Un- 
fortunately, the  construction  was  such  that  the  critical  point 
was  not  accessible.  Repairs  called  either  for  the  dismounting 
of  the  telescope-tube,  the  declination-axis,  and  many  minor 
pieces,  or  for  the  cutting  of  a  hole  through  the  cast-iron  sleeve 
of  the  declination-axis.  The  latter  method  seemed  preferable. 
My  plans  for  this  purpose  were  submitted  to  the  makers  of 
the  telescope,  the  Warner  &  Sw  asey  Company,  and  met  with 
their  approval.  When  the  hole  was  cut,  it  was  found  that 
the  important  cast-iron  bearing  block,  where  the  trains  turn 
through  a  right  angle,  had  broken.  This  block  was  replaced 
by  a  larger  steel  one,  constructed  in  our  shops.  For  the  first 
lime  in  its  history,  I  believe,  the  telescope  was  disabled  for 
observational  work.  This  was  for  two  days  only,  while  the  new 
block  was  making.  The  value  of  our  instrument-making  shop 
was  well  illustrated  on  this  occasion.  Had  it  been  necessary 
to  secure  machinists  and  tools  from  a  distance  to  cut  the  hole 
in  the  telescope,  and  to  have  the  broken  parts  constructed  else- 
where, a  delay  of  several  weeks  must  have  ensued,  and  the 
expense  would  have  been  correspondingly  great. 

The  efficiency  of  the  36-inch  equatorial  was  enormously  in- 
creased a  few  years  ago  by  illuminating  the  setting-circles  by 
means  of  electric  lights  operated  from  the  eye-end,  according  to 
Messrs.  Campp.ell  and  Wkk.iit's  plans,  thereby  making  it  un- 
necessary for  the  observer  to  climb  the  high  mounting,  as  he 
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had  therelofore  done  many  times  per  night  Astronomer 
Hcssey  has  recently  equipped  the  twelve-inch  equatorial  (un- 
der his  charge)  in  a  similar  manner,  with  good  results. 

Many  minor  improvements  on  the  mounting  of  the  Crossley 
reflector  have  contributed  somewhat  to  its  stability,  but  the 
necessity  for  providing  this  instrument  with  a  new  mounting 
has  become  more  apparent  with  time  to  all  who  have  used  it. 
Director  Keeler's  remarkable  success  was  achieved  at  enor- 
mous expense  of  time  and  physical  energy.  On  the  average, 
it  was  necessary  for  him  to  make  four  or  five  exposures  on  an 
object  before  a  suitable  negative  was  secured ;  and  in  many 
cases  he  had  to  be  satisfied  with  enlarged  and  elongated  star 
images.  His  experiences  have  been  those  of  Assistant  Astron- 
omer Perrine,  who  is  now  in  charge  of  the  instrument.  If 
the  mirror  were  provided  with  a  suitable  mounting,  observers 
possessing  their  great  skill  should  have  no  difficulty  in  obtaining 
three  successful  negatives  out  of  four  attempts.  The  subject 
has  been  brought  to  the  attention  of  the  Lick  Observatory  Com- 
mittee of  the  Regents,  who  have  authorized  the  construction 
of  a  new  mounting.  Working  drawings  have  been  made  by 
the  firm  of  Harron,  Rickard  &  McCone  in  accordance  with 
general  designs  supplied  by  Mr.  Perrine.  Bids  have  been 
received  from  three  responsible  firms,  and  the  contract  is  ready 
for  letting.  The  smaller  and  more  delicate  parts  of  the  mount- 
ing have  been  designed  by  Mr.  Perrine,  and  these  will  be  con- 
structed in  our  instrument-making  shops.  It  is  hoped  that  the 
change  from  old  to  new  may  be  made  before  the  end  of  the 
year. 

The  original  driving-clock  of  the  Crossley  reflector  was  re- 
placed several  years  ago  by  a  vastly  more  powerful  one,  from 
designs  by  Mr.  Hussey.  With  the  installation  of  the  new 
mounting,  only  the  36  J4 -inch  mirror  of  the  original  telescope 
will  remain  in  use. 

A  generation  ago  the  astronomer  ordered  his  telescope  and 
expected  it  to  meet  all  his  requirements.  This  is  no  longer 
sufficient.  The  wonderful  developments  of  our  science  call 
for  special  instruments  to  do  special  work,  and  the  so-called 
universal  instrument  is  out  of  date.  This  is  especially  true  in 
investigations  along  astrophysical  lines.  The  successful  instru- 
ment must  have  maximum  efficiency   in  the  problem  to  be 
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solved.  Every  observatory  of  our  class  requires  an  instrument- 
making  shop  near  at  hand.  This  requirement  is  especially 
pressing  here,  on  account  of  our  unusual  isolation. 

The  shops  at  the  Lick  Observatory  were  entirely  inade- 
quate for  their  purpose.  The  equipment  consisted  of  two  small, 
antiquated  foot-power  lathes,  an  antiquated  hand-drill,  files, 
etc.;  and  the  carpenter's  hand  tools.  The  quantity  of  con- 
struction possible  by  their  means  was  small,  many  vital  parts 
of  the  instruments  could  not  be  made  at  all,  vexatious  delays  in 
construction  elsewhere  were  frequent,  and  our  plans  were 
rapidly  falling  in  arrears  to  such  an  extent  that  the  efficiency  of 
the  Observatory  suffered  severely.  I  therefore  decided  to  util- 
ize any  available  budget  funds  for  the  improvement  of  the 
machine-shops. 

The  carpenter-shop,  paint-shop,  and  forge  occupied  adjoin- 
ing rooms  in  a  small  brick  building  near  the  great  dome,  con- 
structed by  the  Lick  Trust.  The  paint-shop  was  removed  to 
an  isolated  building  beyond  the  barn,  both  to  diminish  risks 
from  fire  and  to  increase  the  space  in  the  carpenter-shop.  The 
inside  walls  of  the  forge-room  were  likewise  removed.  The  re- 
sulting shop  is  twenty  feet  by  twenty-six  feet.  An  addition 
to  this  shop  was  built  by  the  Observatory  workmen  in  1891, 
inside  dimensions  twenty-five  by  thirty-three  feet,  from  brick 
left  in  the  original  Lick  Trust  kilns.  This  room  had  been  used 
for  storage,  for  the  metal-working  shop,  and  for  a  steam  boiler 
and  engine  employed  in  charging  storage  batteries  and  in  cut- 
ting the  Observatory  wood.  The  engine  and  wood-saw  were 
removed  to  a  small  brick  building,  outside  dimensions  eleven 
by  fourteen  feet,  built  in  1901  to  the  east  of  the  barn;  and 
storage  space  has  been  found  elsewhere.  The  rearranged  room 
admirably  meets  the  requirements  of  a  complete  instrument- 
making  shop,  on  the  desired  scale.  A  Foos  four-horse-power 
gasoline-engine  was  installed  in  the  shop  in  place  of  the  steam- 
engine.  It  drives  all  the  metal-  and  wood-working  machines 
described  below.  It  is  always  ready  to  start,  without  waiting 
for  steam  to  rise ;  the  expense  of  fuel  is  small ;  it  does  not  need 
the  attention  of  a  fireman  ;  and  it  does  not  heat  the  work-room 
unduly.  A  Brown  &  Sharpe  Xo.  1  Universal  milling  machine, 
a  Brown  &  Sharpe  tool-grinding  machine,  a  modern  wood- 
turning  lathe,  a  wood  rip-saw  and  an  emery  grinder  were  pur- 
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chased  in  1901.  The  old  foot-lathes  were  modified  to  adapt 
them  to  power.  The  necessary  shafting,  pulleys,  belting,  attach- 
ments and  small  tools  were  likewise  provided.  The  gasoline- 
engine  drives  the  dynamo  also. 

The  thoughtful  generosity  of  Mrs.  Hearst  has  enabled  me 
to  arrange  for  the  completion  of  the  shops  without  the  delay 
that  I  feared  might  occur,  by  purchasing  a  modern  lathe  of 
fourteen-inch  swing  and  eight-foot  bed,  with  all  necessary  at- 
tachments; a  power  drill;  a  power  saw  for  cutting  metal;  a 
cross-cut  saw  for  wood ;  a  wood-shaper ;  a  small  tempering  and 
reducing  furnace ;  and  minor  tools. 

The  schoolhouse,  though  small,  is  very  complete  and  com- 
fortable. The  school  is  attended  by  nine  children  of  various 
members  of  the  staff.  The  teacher  is  supplied  by  Santa  Clara 
County. 

A  tract  of  forty  acres  of  land  adjoining  the  reservation  on 
the  east,  formerly  belonging  to  Jacob  Wandell,  was  purchased 
by  the  University  in  190 1.  Its  location  made  control  by  the 
Observatory  extremely  desirable. 

The  principal  buildings  have  for  many  years  been  painted 
a  dull  red  color.  This  color  was  not  in  keeping  with  the  char- 
acter of  the  institution,  nor  was  the  quality  of  the  paint  adapted 
to  the  requirements  of  our  climate.  The  smaller  buildings  and 
the  residences  were  painted  in  various  colors,  and  the  effect 
was  not  at  all  pleasing.  It  was  decided  to  have  the  outsides 
of  all  the  buildings  on  the  mountain  painted  on  a  uniform 
system,  the  roof  to  be  tile-red,  and  the  walls  to  be  light  yellow 
sandstone  color,  all  to  match  the  colors  of  the  old  California 
Mission  buildings.  The  change  was  made  last  year  for  many 
of  the  smaller  buildings,  and  the  main  building  is  now  under- 
going transformation.  The  general  effect  promises  to  be  all 
that  could  be  desired. 

With  the  advice  and  assistance  of  the  President,  to  meet  a 
pressing  want,  the  Lick  Observatory  early  in  190 1  began  to 
publish  the  results  of  its  observations  in  the  Lick  Observatory 
Bulletin.  The  earlier  papers  by  members  of  the  staff  had 
appeared  in  various  astronomical  journals.  While  this  plan 
relieved  the  University  of  expense  and  considerable  labor,  yet 
the  vexatious  delays  sometimes  occurring  in  the  issue  of  im- 
portant papers,  and  the  appearance  of  the  papers  in  so  many 
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mediums,  were  serious  objections.  The  new  plan  has  worked 
well,  and  the  Bulletins  are  in  great  demand.  They  have  been 
supplied  gratis  to  other  observatories,  to  academies  of 
sciences,  and  to  the  principal  investigators.  Twenty-seven 
numbers  have  been  issued  up  to  date,  and  the  distribution  list 
includes  about  430  addresses.  The  funds  available  for  last  year 
did  not  permit  the  insertion  of  many  illustrations.  The  in- 
creased appropriation  for  the  year  1902  will  provide  for  a 
greater  number. 

The  Observatory  library  is  growing  rapidly,  so  far  as 
growth  by  exchange  of  publications  is  concerned,  but  there 
have  been  almost  no  funds  available  for  purchases.  Early  vol- 
umes of  several  scientific  periodicals,  early  volumes  of  observ- 
atory reports  now  obtainable  only  from  second-hand  dealers, 
and  many  standard  books,  both  old  and  recent,  are  greatly 
needed.  It  is  planned  to  supply  a  few  of  the  most  pressing  of 
these  needs  in  the  near  future  from  the  funds  provided  by 
Mrs.  Hearst.  The  library  contains  about  5,000  volumes  and 
4,800  pamphlets.  It  has  outgrown  the  capacity  of  the  library- 
room.  Suitable  hardwood  book-cases  have  been  constructed 
in  the  main  corridor  for  the  overflow.  In  this  way  the  space 
requirements  will  probably  be  met  for  many  years.  The 
library  is  in  charge  of  Assistant  Astronomer  Aitken. 

I'p  to  the  beginning  of  the  year  1901  it  had  been  the  practice 
<>f  tile  directors  of  the  (  )bservatory  to  write  all  the  letters  per- 
sonally. The  correspondence  has  always  been  heavy,  and  the 
tax  tipon  valuable  time  and  physical  strength  for  this  purely 
mechanical  labor  has  been  very  great.  It  seemed  to  me  that 
modern  methods  should  be  adopted.  The  former  Secretary's 
time  had  through  experience  become  too  valuable  scientifically 
to  justify  his  retention  in  that  office.  It  was  arranged  that 
his  services  should  be  available  entirely  for  investigational 
work,  and  a  secretary  who  was  also  a  stenographer  was  cm- 
ployed  in  his  stead. 

The  arrangements  inaugurated  by  Director  Keeler  regard- 
ing fellowships  in  the  Lick  (  )bservatory  have  been  very  satis- 
factory. The  immediate  output  of  scientific  results  would  be 
considerably  greater  if  the  funds,  originally  paid  to  an  astron- 
omer and  now  paid  to  the  Fellows,  could  be  used  in  the  em- 
ployment of  regular  assistants  who  would  spend  all  their  time 


Astronomical  Society  of  the  Pacific,  117 

on  the  mountain.  But  the  training  of  the  astronomers  of  the 
future  is  so  manifestly  one  of  the  duties  of  the  University  that 
the  arrangement  should  be  continued. 

The  greater  part  of  the  time  of  the  Fellows  during  their 
first  two  years  of  residence  is  devoted  to  assisting  the  astrono- 
mers in  the  more  routine  parts  of  their  work;  but  with  the 
acquirement  of  experience  and  skill,  greater  responsibilities 
are  placed  upon  them,  and  the  assignment  of  original  investiga- 
tions to  them  is  planned  in  all  cases. 

It  is  a  great  pleasure  to  record  the  following  generous  gifts 
to  the  Lick  Observatory : — 

In  December,  1900,  D.  O.  Mills,  Esq.,  provided  a  fund 
of  $24,000,  plus  ten  per  cent,  for  unexpected  expenses,  for  a 
spectroscopic  expedition  to  the  southern  hemisphere.  This 
gift  is  noted  more  fully  below. 

William  H.  Crocker,  Esq.,  provided  a  fund  of  $3,000  to 
defray  the  expenses  of  an  expedition  to  Sumatra  to  observe 
the  total  solar  eclipse  of  May  18,  1901.  The  work  of  the  ex- 
pedition is  described  in  detail  in  other  paragraphs. 

A  grant  of  $500  from  the  Draper  Fund  of  the  National 
Academy  of  Sciences  was  made  in  February,  1901,  for  the 
purpose  of  constructing  a  modern  one-prism  spectrograph. 
The  designing  of  this  instrument  was  delayed  until  the  com- 
pletion of  the  reflecting  telescope  for  the  southern  hemisphere. 

Mr.  D.  O.  Mills  has  presented  the  sum  of  $1,000  for  the 
reconstruction  of  the  original  Mills  spectrograph.  It  was 
built  in  the  age  of  brass ;  the  new  instrument  will  be  of  steel 
in  all  its  vital  parts.  It  will  also  contain  many  important  modi- 
fications resulting  from  our  six  years'  experience  with  the 
original  instrument.    The  reconstruction  is  now  under  way. 

Mrs.  Pikebe  A.  Hearst  has  thoughtfully  provided  the  sum 
of  $2,500,  available  during  the  year  1902,  to  be  expended  for 
equipment  purposes.  As  a  result  of  her  generous  gift,  several 
departments  of  the  Observatory  will  be  equipped  for  more 
efficient  work. 

The  total  value  of  these  gifts  in  the  past  year  and  a  half  is 
$33400. 

The  Wells,  Fargo  Express  Company,  on  several  occasions, 
granted  half -rates  on  heavy  and  valuable  shipments.  In  rec- 
ognition of  our  time  signals,  the  Southern  Pacific  Company 
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has  given  reduced  rates  for  passage  and  freight  in  connection 
with  eclipse  expeditions,  shipment  of  heavy  goods,  etc.  The 
Toyo  Kisen  Kaisha,  the  Occidental  and  Oriental  Steamship 
Company,  the  Pacific  Mail  Steamship  Company,  and  the  Dutch 
East  India  steamship  companies  granted  concessions  to  the 
Sumatra  Eclipse  observers.  Prominent  firms  in  San  Francisco 
and  in  the  East  have  in  every  case  supplied  tools  for  our  instru- 
ment-shops at  rates  lower  than  commercial  firms  must  pay. 
The  total  value  of  the  concessions  cited  above  approximates 
$1,800  for  the  past  two  years.  The  power  of  our  resources 
to  produce  useful  results  was  increased  to  that  extent,  and  the 
thanks  of  the  Observatory  are  due  to  the  companies  mentioned. 

It  was  Director  Keeler's  purpose  to  secure  with  the  Cross- 
ley  Reflector  satisfactory  photographs  of  about  one  hundred  of 
the  principal  nebulae  and  star-clusters.  The  portions  of  his 
programme  available  for  observation  in  our  clear  summer 
weather  were  practically  complete  at  the  time  of  his  death, 
but  those  in  position  during  the  cloudy  winter  months  were 
incomplete.  We  have  made  it  a  duty  to  carry  on  Director 
Keeler's  work  as  rapidly  as  possible,  but  the  necessity  for 
securing  observations  of  the  planet  Eros  and  of  the  eclipse 
in  Sumatra  has  interfered  to  some  extent.  The  amount  of 
clear  weather  in  the  past  winter  and  spring  has  likewise  been 
very  much  less  than  the  average,  and  gaps  in  this  part  of  his 
programme  still  remain.  As  soon  as  satisfactory  negatives 
of  all  the  objects  have  been  obtained,  the  results  should  be 
published  in  the  best  possible  manner.  The  making  of  plates 
for  reproducing  the  photographs  will  be  a  very  painstaking 
and  expensive  process,  but  it  is  hoped  that  funds  may  be  ob- 
tained from  private  sources  to  an  amount  sufficient  to  do  justice 
to  Dr.  Keller's  work  and  memory. 

Through  the  continued  generosity  of  Mr.  William  H. 
Crocker,  a  well-equipped  expedition,  in  charge  of  Acting 
Astronomer  Perrine,  accompanied  by  Assistant  Ralph  H. 
Cirtiss,  sailed  from  San  Francisco  in  February,  1901,  to  ob- 
serve the  total  solar  eclipse  of  May  18th,  on  the  west  coast  of 
Sumatra.  The  affairs  of  the  expedition,  personal,  financial,  and 
scientific,  were  admirably  managed  by  Mr.  Perrine.  The  ten 
instruments  were  duly  mounted  and  placed  in  perfect  adjust- 
ment.   Fifteen  volunteer  assistants,  Dutch  residents  in  Sumatra, 
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were  trained  to  their  duties,  and  the  entire  programme  of 
photographic  exposures  outlined  for  the  expedition  ureal 
through  without  a  hitch.  All  went  well,  save  that  the  eclipsed 
Sim  was  obscured  at  the  beginning  of  totality  by  thin  clouds, 
which  gradually  thickened  during  the  6><  minutes  of  the 
eclipse. 

To  the  surprise  of  the  observe  rs,  when  the  negatives  were 
developed  it  was  found  that  the  observations  were  extremely 
satisfactory,  valuable  results  having  been  secured  with  ail  of 
the  ten  instruments.  The  instruments  and  photographs  were 
delayed  in  transit  homeward,  and  did  not  reach  Mt.  Hamilton 
until  October.  Examination  of  the  plates  more  than  confirmed 
Mr.  Perkins's  report  A  study  of  the  photographs  has  shown 
that,  in  spite  of  the  thin  clouds,  the  expedition  was  at  least  as 
successful  as  any  eclipse  expedition  ever  sent  out  by  any  insti- 
tution. 

The  general  results  have  been  published  in  a  preliminary 
manner  in  *  Lick  Observatory  Bulletin  No,  9,  but  attention 
should  be  called  to  a  few  of  the  more  important  ones : — 

The  photographs  obtained  with  the  forty-foot  camera  are 
admirable,  the  general  features  of  the  inner  and  middle  corona 
being  shown  as  well  as  if  there  had  been  no  clouds.  A  most 
interesting  and  unique  coronal  disturbance  was  recorded  in 
position-angle  6o°.  A  comparison  of  the  solar  photographs 
with  those  made  on  the  days  preceding  and  following  the 
date  of  the  eclipse  by  English  observers  in  India  led  to  the  very 
important  conclusion  that  the  coronal  disturbance  was  situated 
immediately  above  the  prominent  and  only  sun-spot  group  visi- 
ble on  those  days. 

The  spectrographic  and  polarographic  results  were  com- 
pletely successful,  perhaps  more  so  than  would  have  resulted 
from  an  unobscured  eclipse.  They  established  that  the  spec* 
tram  of  the  outer  corona  is  identical  with  that  of  ordinary 
sunlight,  and  therefore  that  the  light  of  the  outer  corona  is 
not  inherent,  but  is  reflected  light  originating  in  the  main 
body  of  the  Sun  ;  that  the  spectrum  of  the  inner  corona  is 
continuous,  and  therefore  is  not  reflected  sunlight,  but  is  in- 
herent ;  that  the  outer  corona  shows  the  strong  polarization 
effects  that  would  be  expected  to  result  from  its  character  as 
reflected  light ;  and  that  the  inner  corona  gives  only  slight 
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evidence  of  polarization,  as  would  be  expected  from  light  large- 
ly of  an  inherent  character. 

Mr.  Perrine  has  carefully  examined  the  plates  secured  with 
four  cameras  for  the  purpose  of  detecting  any  possible  intra- 
Mercurial  planets.  The  instruments  gave  splendid  definition, 
and  in  the  unobscured  areas  surrounding  the  Sun  stars  down 
to  the  ninth  magnitude  were  recorded.  The  search  was  highly 
satisfactory  for  more  than  two  thirds  of  the  area  under  exami- 
nation, but  the  clouds  prevented  complete  success  in  the  re- 
maining one  third.  No  unexpected  objects  were  detected. 
While  the  discovery  of  unknown  objects  as  a  result  of  this 
search  would  'have  been  more  interesting,  yet  negative  and 
positive  results  would  possess  equal  value  scientifically. 

The  expedition  received  very  extensive  help  from  the  Dutch 
Government  in  Sumatra,  from  the  lines  of  steamers  patronized, 
and  from  individuals  at  all  transfer  points. 

Mr.  Crocker's  services  to  eclipse  astronomy  have  been 
highly  appreciated  by  astronomers  and  other  men  of  science 
throughout  the  world. 

The  discovery  of  the  minor  planet  Eros  in  1898,  and  the 
recognition  of  the  unusual  opportunities  offered  by  it  for  an 
improvement  in  our  knowledge  of  the  distance  of  the  Sun,  led 
to  the  organization  of  a  cooperative  scheme  on  the  part  of 
forty  or  fifty  leading  observatories,  to  secure  the  necessary 
observations  in  the  fall  of  n;oo.  The  Lick  Observatory  en- 
tered energetically  upon  the  programme  outlined.  Astronomer 
Tucker  secured  more  than  two  thousand  meridian-circle  ob- 
servations of  the  6?&  reference  stars,  required  as  a  basis  for 
the  entire  problem.  The  microscopes  were  read  by  Dr.  R.  T. 
Crawford  for  about  i,noo  of  the  observations,  and  he  ren- 
dered some  assistance  in  the  computations,  but  Mr.  Tuckkk 
was  unassisted  in  the  bulk  of  the  reductions.  The  results  were 
published  in  I  bulletins  Xos.  1  and  2,  in  February  and  May. 
1 90 1.  respectively.  The  prompt  completion  and  publication 
of  this  extensive  piece  of  work,  long  in  advance  of  the  appear- 
ance of  results  from  the  other  observatories,  called  forth  many 
expressions  of  surprise  and  admiration  for  the  energy  and  skill 
of  the  astronomer  in  charge. 

Careful  micrometer  measures  of  the  position  of  Eros  were 
obtained  bv   Astronomer   Hussev   and    Assistant    Astronomer 
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Aitken,  with  the  thirty-six-inch  equatorial.  The  former  made 
832  measures  in  Right  Ascension,  and  896  in  Declination ;  the 
latter  1,650  in  Right  Ascension  and  729  in  Declination.  Photo- 
graphic observations  were  secured  in  great  numbers  with  the 
Crossley  reflector  by  Assistant  Astronomer  Perrine,  assisted 
by  Fellow  H.  K.  Palmer.  They  include  344  plates  on  sixty- 
three  nights  for  accurate  meridian  places  of  the  planet;  511 
plates  on  thirty-seven  nights  for  a  parallax ;  1 10  charting  and 
connecting  plates ;  total,  965  plates,  of  which  854  contain  short 
exposures  for  measurement,  carrying  over  four  thousand 
images  of  the  asteroid.  The  micrometer  results,  and  a  list 
of  the  photographic  plates,  are  published  in  Bulletin  No.  13. 
The  measurement  and  reduction  of  these  plates  will .  be  an 
enormous  task.  Fortunately,  Professor  Rees,  Director  of 
Columbia  College  Observatory,  has  agreed  to  undertake  that 
work.  His  efficient  bureau  of  measurement  and  reduction,  in 
immediate  charge  of  Professor  Jacoby,  has  already  measured 
and  reduced  a  number  of  the  plates. 

Perhaps  the  most  interesting  astronomical  events  of  recent 
years  relate  to  the  new  star  in  Perseus,  discovered  in  Edin- 
burgh on  February  22,  1901.  The  Lick  Observatory,  in  com- 
mon with  all  similar  institutions,  made  immediate  plans  to 
bring  every  available  resource  to  bear  upon  the  study  of  this 
star.  Its  position  was  measured  by  Mr.  Tucker  with  the  me- 
ridian-circle, and  by  Mr.  Aitken  with  the  thirty-six-inch 
equatorial  on  several  occasions  in  the  spring  and  summer  of 
1901.  It  is  clear  from  their  observations,  amply  confirmed 
by  those  made  elsewhere,  that  the  new  star  is  at  least  as  far 
away  as  the  faint  stars  surrounding  it,  and  that  its  motion 
with  reference  to  the  surrounding  stars  is  so  slight  as  to  elude 
detection  for  the  present.  Our  two  spectroscopes  suitable  for 
the  study  of  the  new  star  were  sent  to  Sumatra  with  the  Eclipse 
Expedition  only  two  or  three  days  before  the  announcement  of 
the  discovery  reached  us.  Fortunately,  the  Observatory  pos- 
sessed a  good  collection  of  lenses  and  prisms ;  and  from  these, 
spectroscopes  were  mounted  very  promptly  in  our  instrument- 
making  shops,  so  that  practically  no  time  was  lost  on  that 
account.  The  spectroscopic  observations  by  Messrs.  Campbell 
and  Wright,  assisted  by  Dr.  Reese,  were  extremely  fruitful 
in  results.    They  have  been  published  in  Bulletin  No.  8. 
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Spectrum  photographs  were  secured  by  Fellow  Joel  Steb- 
bins  with  the  Crossley  reflector,  which  led  to  the  discovery  of 
two  new  bright  lines  in  the  ultra-violet  portion  of  the  spectrum. 
The  brightness  of  the  star  was  observed  on  all  possible  occa- 
sions, during  its  period  of  rapid  fluctuation,  by  Messrs.  Aitken 
and  Stebbins.  It  was  the  brightest  star  in  the  northern  sky 
on  February  24th ;  it  has  now  declined  to  the  ninth  magnitude, 
having  been  in  the  mean  time  converted  into  a  nebula. 

A  photograph  by  Wolf,  of  Heidelberg,  on  August  23,  190 1, 
had  led  to  the  discovery  of  masses  of  nebulosity  in  the  vicinity 
of  the  new  star.  A  photograph  by  Ritchey,  of  the  Yerkes 
Observatory,  on  September  20th,  confirmed  and  extended  the 
discovery,  showing  that  the  new  star  was  apparently  situated 
in  a  nebulous  mass  nearly  circular  in  form,  and  of  great  ex- 
tent. The  photograph  of  this  region  made  by  Mr.  Perrine 
with  the  Grossley  reflector,  on  November  7th  and  8th,  led  to 
the  extraordinary  discovery  that  the  well-defined  nuclei  in  the 
nebula  were  apparently  in  rapid  motion;  themagnitude  of  the 
apparent  motion  being  at  least  seventy-five  times  as  great  as 
any  sidereal  motion  previously  known.  Telegraphic  announce- 
ment of  this  discovery  was  made  at  once,  and  intense  interest 
was  taken  in  the  subject.  A  photograph  made  by  Ritchey 
at  the  Yerkes  Observatory,  on  November  9th,  afforded  full 
and  independent  confirmation  of  Mr.  Pfkkixf's  remarkable 
discovery.  Photographs  made  at  intervals  throughout  the 
winter  have  enabled  us  to  follow  the  motions  of  the  brighter 
masses. 

Following  this  discovery,  there  were  frequent  expressions 
of  regret  that  no  record  of  the  nebulosity  had  been  obtained 
between  the  discovery  of  the  star  in  February  and  the  epoch  of 
Wolf's  photograph.  Numerous  short-exposure  plates  of  the 
new  star  had  been  obtained  by  Messrs.  Palmer  and  Dall  with 
the  Crosslev  reflector  early  in  the  year.  Examination  of  these 
bv  Mr.  Ferrixe  in  January,  1902,  led  to  the  happy  discovery 
that  two  rings  of  nebulosity  surrounding  the  new  star  were 
beautifully  recorded  on  Mr.  Palmer's  plate  of  March  3jth. 
We  were  thus  able  to  extend  the  history  of  the  phenomenon 
backward  i\\v  months. 

The  nature  of  the  phenomenon  is  a  mooted  question.  The 
favorite  theorv   is   that    invisible  masses   of  nebulosity   existed 
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in  this  region  previous  to  the  formation  of  the  new  star ;  and 
that  the  great  wave  of  light,  sent  out  when  the  brightness  of 
the  star  was  at  a  maximum,  was  sufficient  to  illuminate  the 
dark  masses  and  make  them  visible  to  us  by  reflected  light. 
Bearing  upon  this  question,  Mr,  Perrine  secured  valuable 
polariscopic  evidence.  A  photograph  of  the  nebula  was  ob- 
tained after  passing  the  light  through  a  double- image  prism, 
placed  at  a  short  distance  in  front  of  the  plate-holder  in  the 
Crossley  reflector.  Two  images  of  each  of  the  principal  nuclei 
were  recorded  in  such  a  way  as  to  make  it  certain  that  the 
polarization  effects  to  be  expected  from  reflected  light  are  en- 
tirely absent  It  is  hoped  that  a  complete  series  of  observations 
of  this  interesting  object  may  be  obtained  during  the  coming 
autumn,  and  that  the  principal  masses  will  be  bright  enough 
to  permit  a  study  of  their  spectra  by  means  of  a  small  spectro- 
graph that  Mr.  Perrine  has  planned. 

The  consensus  of  opinion  is  that  the  new  star  is  the  result 
of  a  violent  collision  between  two  dark  stars,  or  between  a 
dark  star  and  a  nebula.  It  can  easily  be  shown  that  the  kinetic 
energy  of  two  such  bodies,  approaching  and  colliding  with 
enormous  relative  speed,  would  be  converted  into  heat  in  surrV 
cient  quantities  to  transform  the  dark  bodies  into  incandescent 
gases.  The  history  of  previous  new  stars  had  led  us  to  expect 
that  the  spectrum  would  gradually  change  into  that  of  a  nebula, 
and  in  this  we  were  not  disappointed.  For  a  suitable  study 
of  the  present  nebular  spectrum  of  the  new  star  it  was  neces- 
sary that  further  and  more  accurate  investigations  be  made 
upon  the  spectra  of  the  well-known  nebulae.  These  investiga- 
tions were  undertaken  with  great  success  by  Assistant  Astrono- 
mer Wright.  His  results  have  been  published  in  Eiulletin 
No,  19,  Not  only  did  he  determine  the  positions  of  many 
well-known  nebular  lines  more  accurately  than  had  previously 
been  done,  but  a  number  of  very  interesting  new  lines  were 
detected. 

Very  little  attention  has  been  given  to  the  subject  of  comet- 
seeking,  on  account  of  pressure  of  work  in  other  lines,  although 
search  has  been  made  by  Mr,  Perrine  for  a  few  periodic 
comets  whose  returns  were  expected.  These  include  the  Di 
Vico-Swift  comet;  Barnard's  comet  of  1884,  and  Swift's 
comet  of  1895.  No  trace  of  these  was  discovered,  no  doubt  on 
account  of  their  famtness,  or  of  their  defective  orbits. 
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Micrometer  observations  of  comets  in  the  past  two  years 
have  been  secured,  as  follows : — 

Comet  a  1900,  Aitken,  3  nights,        Perrine,  4  nights. 
44      b  1900,  ,4       10      ,4  "        3      ** 

"       c  1900,  •*        6      " 

"      a  1901,  "         2      " 

"      a  1902,  **         2      ** 

The  measures  of  Comet  a  1901  and  of  Comet  a  1902  were 
the  only  ones  made  in  the  United  States.  Valuable  photographs 
of  Comet  a  1901  were  secured  by  Mr.  Perrine  at  the  Eclipse 
Station  in  Sumatra.  An  orbit  of  Comet  b  1900  was  computed 
by  Mr.  Perrine,  and  of  Comet  c  1900  by  Mr.  Aitken.  Some 
very  interesting  photographs  of  Comet  b  1900  were  secured  by 
Mr.  Palmer. 

Extensive  series  of  measures  of  satellites  of  planets  were 
obtained  by  various  members  of  the  staff,  observations  being 
limited  in  all  cases  to  those  most  desired  by  investigators  of 
their  orbits. 

Two  hundred  and  fifteen  observations  of  the  relative  posi- 
tions of  the  satellites  of  Saturn  were  made  by  Mr.  Hussey 
with  the  thirty-six-inch  equatorial. 

Mr.  Aitken  made  the  following  observations  with  the 
thirty-six-inch  equatorial : — 

Satellites  of  ['raiiu^  z,  nights. 

"  Xcptiuit',  13      " 
"         "  Mars,  7 

Fifth  satellite  of  Jupiit ;-,  2 

At  the  request  of  Professor  Xhwcomi;,  Mr.  Pi:ki<i.\i;  photo- 
graphed the  planet  Xrptunc  and  its  satellite  on  thirty  plates, 
in  January,  1902,  with  the  Crossley  reflector.  The  measure- 
ments of  these  plates  furnish  tiftv-one  determinations  of  the 
position  of  the  satellite,  with  reference  to  its  primary.  Photo- 
graphic methods  have  been  hut  little  tised  in  this  line  of  work, 
and  it  is  interesting  to  note  that  the  smallness  of  the  errors  of 
observation  justifies  the  application  of  the  method  in  all  possi- 
ble cases. 

The  work  with  the  meridian-circle  has  been  most  efficiently 
prosecuted.  Since  July  1.  1900,  Mr.  Tixker  has  obtained 
6,500  complete  observations.  These  include  observations  of 
Eros  comparison-stars;  of  Eros  itself;  of  Xoi'a  Ecrsci ;  and  of 
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zodiacal  stars,  greatly  needed  at  the  present  time,  to  be  used 
as  a  basis  for  improving  the  orbits  of  the  major  planets. 

The  manuscript  for  Lick  Observatory  Publications,  Volume 
VI,  is  entirely  ready  for  the  printer.  The  volume  will  contain 
results  of  meridian-circle  work  from  July,  1896,  to  March, 
1901,  and  will  include  about  14,000  complete  observations  of 
4,500  stars.  The  labor  entailed  in  securing,  reducing,  and 
preparing  these  observations  for  publication  has  been  very 
great.  Mr.  Tucker  has  had  assistance  from  Messrs.  Craw- 
ford, Dall,  Curtiss,  and  Palmer,  amounting  to  about  six 
months  full  time  of  one  computer  during  the  past  two  years. 
The  remainder  of  the  work  has  been  carried  on  without  as- 
sistance. 

Fellow  R.  T.  Crawford  assisted  in  meridian-circle  work 
during  the  years  1898-1901.  At  the  end  of  his  service  he 
received  the  degree  of  Doctor  of  Philosophy,  having  taken 
for  his  thesis  the  subject  of  "The  Refraction-Constant  at  Mt. 
Hamilton/' 

The  department  of  astronomy  known  as  Double  Stars  has 
been  most  ably  advanced  by  Messrs.  Hussey  and  Aitken. 
The  former  has  devoted  perhaps  three  fourths  of  his  time 
and  the  latter  one  half  his  time  to  this  line  of  investigation. 
Their  programmes  have  been  admirably  developed  and  system- 
atized, and  results  of  prime  importance  have  been  surprisingly 
numerous.  It  is  not  too  much  to  say  that  their  discoveries  and 
observations  of  new  double  stars,  and  their  measures  of  known 
double  stars,  outnumber  several-fold  the  corresponding  out- 
put of  all  other  observatories  in  the  past  two  years.  An  equally 
satisfactory  statement  can  be  ventured  as  to  the  accuracy  at- 
tained. Both  observers  have  devoted  a  portion  of  their  time  to 
the  discovery  of  new  pairs.  Mr.  Hussey  has  found  312  sys- 
tems in  the  past  two  years,  and  564  since  1898.  They  may  be 
classified  as  follows  : — 


Distances  between  0" 

.00  and  o".25, 

41  pairs. 

0 

.26    "    0  .to, 

103      " 

0 

.51     "     1  .00, 

123      " 

1 

.01     **     2  .00, 

128      " 

2 

.01     4<     5  .00, 

168      " 

Over  5  .00, 

1      «• 

Total 

564  pairs. 
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It  will  be  seen  that  47  per  cent  of  his  discoveries  have  dis- 
tances less  than  1",  and  70  per  cent  less  than  2". 

The  corresponding  discoveries  by  Mr.  Aitken  have  been 
249  since  July,  1900,  and  345  since  1898,  as  follows: — 


Distances  between  0" 

.00  and  0" 

•25. 

20  pairs. 

0 

.26     "     0 

.50 

55     4< 

0 

.51     "     1 

.00, 

78     «• 

1 

.01     "     2 

.00, 

91      " 

2 

.01     "     5 

.25, 

Total 

101      *• 
345  pairs. 

Forty-five  per  cent  of  these  are  under  1",  and  71  per  cent 
under  2". 

By  way  of  explanation,  it  should  be  said  that  in  general 
the  closer  the  components  of  a  pair  the  more  interesting  and 
important  it  is.  The  majority  of  stars  in  which  orbital  motions 
have  been  detected  are  closer  than  1".  Up  to  the  present  time 
about  1,500  double  stars  with  distances  under  1"  have  been 
discovered  at  all  the  observatories.  More  than  one  third  of 
these  have  been  found  at  the  Lick  Observatory,  and  more 
than  one  fourth  of  the  whole  number  have  been  discovered 
here  within  the  last  three  years. 

Many  interesting  results  have  come  from  the  systematic 
observation  of  the  well-known  interesting  pairs.  Of  these, 
the  most  striking  case  is  8  liqimlci.  It  was  supposed  that  its 
period  of  revolution  was  11.4  years, — surpassed  in  rapidity  of 
motion  only  by  *  Pc^asi,  period  1  1  l . .?  years.  In  the  fall  of  1900 
it  was  noticed  by  Mr.  A  it  ken  that  the  components  of  8  Equulci 
were  not  following  the  paths  marked  out  for  them  by  the  orbit 
hitherto  accepted  as  substantially  final.  Mr.  Hissey  investi- 
gated the  question  oi  their  orbit,  making  use  of  all  the  known 
observations.  He  came  to  the  conclusion  that  the  chances  were 
greatlv  in  favor  of  a  period  only  one-half  the  length  of  that 
previouslv  assumed,  namely,  $.~  years.  Systematic  observa- 
tions bv  Messrs.  Hissey  and  Aitkkn  during  the  past  year 
have  established  the  correctness  of  this  view.  The  period  of 
this  interesting  binary  is  fifty  per  cent  shorter  than  that  of 
anv  other  known  double  star.  Observations  of  this  system 
obtained  with  the  Mills  spectrograph  are  in  harmony  with  Mr. 
Hussey's  theory. 
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Mr.  Hussey  has  also  in  the  past  two  years  secured 

881  micrometrical  observations  of  newly  discovered  pairs. 
801  "  "  "   W.  Struve  pairs. 

54  4<  "  "   Otto  Struve  pairs. 

63  "  ••  "   miscellaneous  pairs. 

Total,  1,899 

Mr.  Aitken  has  obtained  1,431  observations,  his  observing- 
.  list  being  mainly  composed  of  known  rapid  binaries,  and  other 
close  and  difficult  pairs.  He  has  likewise  computed  orbits  for 
99  Herculis,  £  Sagittarii,  and  /3  Delphini. 

Mr.  Hussey  completed  his  observations  and  discussions  of 
the  Otto  Struve  double  stars,  and  his  work  was  issued  in  the 
summer  of  1901  as  Volume  V,  Publications  of  the  Lick  Ob- 
servatory. This  volume  is  of  great  utility  to  double-star 
observers.  It  met  with  an  excellent  reception  from  his  fellow- 
workers. 

In  the  year  1900,  the  Lick  Observatory  agreed  to  cooperate 
with  the  Harvard  College,  Yerkes,  and  University  of  Virginia 
observatories,  in  observing  photometrically  ten  stars  in  the 
immediate  vicinity  of  each  of  thirty-six  well-known  variable 
stars,  under  the  auspices  of  the  Rumford  Committee  of  the 
American  Academy  of  Arts  and  Sciences.  The  photometer 
was  designed  and  supplied  by  Professor  Pickering,  Chairman 
of  the  Committee;  but,  on  account  of  the  greater  brightness 
of  the  images  formed  by  the  thirty-six-inch  telescope,  it  was 
necessary  to  change  its  form  before  beginning  observations. 
The  work  on  Eros,  the  solar  eclipse,  and  the  new  star,  com- 
bined with  the  smallness  of  our  staff,  delayed  work  on  the 
programme  until  June  of  this  year.  Results  are  now  rapidly 
being  obtained  by  Mr.  Aitken  and  Dr.  S.  D.  Townley,  of 
the  Berkeley  Astronomical  Department,  who  spent  his  summer 
vacation  here  in  several  phases  of  photometric  work. 

The  Crossley  reflector  has  been  busy  on  practically  every 
good  night.  In  addition  to  the  observations  already  referred 
to,  Messrs.  Palmer  and  Dall  made  thirty-three  exposures 
on  the  nebulae  contained  in  Professor  Keeler's  programme, 
in  the  first  half  of  1901.  Mr.  Perrine  has  since  secured  twen- 
ty-three exposures  on  these  nebulae,  twenty-eight  exposures  on 
the  Rumford  variable  star  regions  referred  to  above,  and 
twenty-five   exposures    for   miscellaneous   purposes.      Fellows 
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Palmer,  Stebbins,  and  Curtiss  have  ably  assisted  in  the  ob- 
servations with  the  Crossley  reflector. 

A  small  slitless  spectrograph  was  designed  by  Professor 
Keeler  for  use  on  faint  objects  with  the  Crossley  reflector. 
It  was  completed  on  the  day  of  his  departure  from  the  moun- 
tain. It  was  tested  promptly  by  Messrs.  Campbell  and  Palm- 
er, who  found  it  necessary  to  use  convex  and  concave  quartz 
lenses  in  connection  with  the  quartz  prism,  in  order  that  the  . 
rays  should  be  parallel  when  passing  through  the  quartz  prism. 
These  changes  were  designed  by  Mr.  Palmer,  and  the  instru- 
ment was  used  extensively  by  him.  He  secured  seventy  spec- 
trograms of  the  smaller  planetary  nebulae  and  of  other  small 
objects.  Many  interesting  facts  resulted  from  these  observa- 
tions. I  shall  refer  only  to  his  success  in  photographing  ex- 
tremely faint  spectra.  A  strong  image  of  the  spectrum  of 
Nova  Cygni,  visual  magnitude  about  15.5,  was  obtained  with 
ease.  Successful  exposures  could  probably  be  made  on  stars 
at  least  a  magnitude  fainter.  His  photograph  of  Nova  Cygni 
demonstrates  that  the  spectrum,  which  was  nebular  in  1877, 
has  now  become  continuous,  like  that  of  the  ordinary  stars. 

In  addition  to  the  observations  of  Eros,  positions  of  asteroids 
1900  GA,  Ohio,  and  Palatia,  were  determined  by  Mr.  Palmer, 
from  photographs  taken  with  the  Crossley  reflector.  Mr. 
lli'SSKV  secured  eight  observations  of  the  asteroids  Miner;  a, 
luiini,  (440),  and  Chicago.  Messrs.  I'almi.k  and  IYktiss  have 
recently  secured  photographs  of  several  asteroids  whose  posi- 
tions were  requested,  and  the  plates  are  being  measured  by 
Mr.  O'utiss. 

Mr.  1'kkrink  lias  made  200  copies  on  glass  of  the  eclipse 
photographs  secured  in  India  in  i8(j8,  in  Georgia  in  nyuo,  and 
in  Sumatra  in  hjoi.  for  distribution  to  institutions,  to  societies, 
and  to  individual  investigators  taking  special  interest  in  this 
subject. 

Three  nights  per  week  with  the  30-inch  equatorial  have  been 
devoted  to  the  determination  of  the  motions  of  the  brighter 
stars  in  the  line  of  sight,  with  the  Mills  spectrograph,  during 
the  past  six  years.  The  importance  of  line-of-sight  investiga- 
tions is  attested  by  the  fact  that  nearly  all  the  powerful  tele- 
scopes in  the  world  are  devoted  at  present  largely  to  this 
purpose,  though  with  varying  degrees  of  success.      The  accn- 
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racy  of  the  Lick  Observatory  determinations  has  steadily  pro- 
gressed until,  for  the  stars  containing  fine  lines,  the  probable 
error  of  a  single  determination  of  velocity  is  only  about  0.25 
kilometer. 

To  the  list  of  fifteen  spectroscopic  binaries  discovered  prior 
to  Director  Keeler's  report  of  July  1,  1900,  I  desire  to  make 
twenty-three  additions,  as  follows: — 

&  Herculis,  8  Equulei,  *  Pegasi, 

£  Ursce  Majoris,  £  Her  cutis,  31  Cygni, 

5  Bootisy  o  Andromeda \  r  Persei, 

113  Herculis,  y  Canis  Minor  is  ^  c  Hydra, 

i)  Andromeda \  12  Per  set  y  a  Equulei, 

ir  Cepheiy  93  Leonis,  <t>  Persei, 

£  Piscium,  $  Sculi,  i)  Gemitwrum. 

£  Ceti,  2  Scuti, 

These  thirty-eight  systems  have  been  discovered  since  1898. 
The  satisfactory  character  of  the  results  obtained  with  the 
Mills  spectrograph,  both  in  quantity  and  in  quality,  may  be 
inferred  from  the  fact  that  during  the  time  these  thirty-eight 
spectrograph ic  binary  systems  were  coming  to  light  as  a  result 
of  our  work,  only  eight  similar  systems  were  announced  by 
other  observatories,  and  three  of  the  eight  were  erroneous. 

There  is  room  for  reference  to  only  two  of  the  stars  on  the 
above  list:  t>Hcrculis  is  a  short-period  visual  binary  star,  com- 
pleting a  revolution  in  about  thirty-three  years.  The  velocity 
of  the  principal  star  in  the  line  of  sight  is  slowly  varying. 
k  Pcgasi  is  one  of  the  most  interesting  visual  binaries  known, 
period  11*4  years.  Until  the  discovery  of  the  true  period  of 
8  Equulci,  this  was  supposed  to  be  the  shortest  period  known. 
One  of  the  components  of  *  Pcgasi  is  a  spectroscopic  binary, 
having  a  period  of  only  six  days. 

These  binary  systems  have  been  discovered  in  the  process 
of  determining  the  velocities  of  about  350  stars;  in  this  list  of 
350,  previous  observers  had  discovered  three  binaries.  With- 
out taking  into  account  a  list  of  several  suspected  binaries,  it 
is  apparent  that  of  the  brighter  stars  at  least  one  in  every  seven 
or  eight  is  attended  by  an  invisible  companion.  When  we 
consider  that  spectroscopic  methods  are  at  present  capable  of 
discovering  only  the  larger  variations,  that  very  few  stars  of 
long  periods  have  probably  been  advantageously  observed  as 
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yet,  and  that  the  velocity  of  our  Sun,  due  to  the  orbital  motions 
of  the  planets  attending  it,  has  a  double  amplitude  of  only  two 
or  three  hundredths  of  a  mile  per  second,  there  can  be  no 
doubt  that  the  number  of  spectroscopic  binaries  must  be  very 
great.  It  is  probable  that  the  star  unattended  by  dark  com- 
panions will  be  found  to  be  the  exception  rather  than  the  rule. 

Mr.  Wright  has  computed  the  orbit  of  the  spectroscopic 
binary  x  Draco n is.  Dr.  Reese  has  computed  the  orbit  of  the 
spectroscopic  binary  Capella.  Director  Campbell  has  com- 
puted the  orbit  of  the  variable  star  and  spectroscopic  binary 
{  Getninorum.  Dr.  Crawford  has  computed  the  orbit  of  the 
spectroscopic  binary  rj  Pegasi. 

Dr.  Reese,  at  my  request,  investigated  the  question  of  the 
diffraction  of  light  of  variable  intensity,  with  special  reference 
to  the  Mills  spectrograph,  as  a  guide  in  designing  a,  more 
powerful  instrument.  He  has  likewise  investigated  the  cause 
of  the  discrepancies  between  measures  of  spectrograms  made 
with  the  violet  end  to  the  left,  and  with  the  violet  end  to  the 
right,  as  a  result  of  which  he  established  the  purely  physiologi- 
cal cause  of  the  discrepancy. 

Dr.  Reese  has  also  designed  the  new  mounting  for  the  Mills 
spectrograph,  referred  to  in  a  previous  paragraph. 

Photographs  and  preliminary  measures  of  several  hundred 
spectra  have  been  made  by  Messrs.  Campbell,  Which t,  and 
Reese;  and  a  considerable  number  of  definitive  measures  have 
been  made. 

In  December,  1900,  the  Director  utilized  the  results  obtained 
for  the  velocities  of  2cSo  stars  situated  north  of  —  200  Declina- 
tion in  determining-  the  speed  and  direction  of  the  motion  of 
the  solar  system  through  space.  The  result  for  the  speed  of 
the  solar  system  comes  out  io-.o,  kilometers,  or  12.4  miles  per 
second.  The  apex  of  the  motion  is  in  R.A.  277°  30'.  Declina- 
tion -\-20c.  The  result  for  speed  is  very  satisfactory.  On  ac- 
count of  the  absence  of  material  from  the  southern  hemisphere, 
and  the  consequent  irregular  distribution  of  the  observed 
stars  over  the  sky,  the  direction  assigned  must  be  regarded  as 
a  rough  approximation. 

The  average  velocity  in  space  of  the  280  stars  is  34.1  kilo- 
meters per  second.  Idle  velocity  of  the  solar  system  is  there- 
fore much  less  than  the  average  for  the  other  stars. 
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Another  result  of  great  interest  is  to  the  effect  that  the 
fainter  stars  are  moving  much  more  rapidly  than  the  brighter 
ones. 

The  velocities  of  the  stars  have  been  observed  to  bear  all 
values  between  sixty  miles  approach  and  sixty  miles  recession 
per  second. 

Investigations  in  this  line  have  been  shown  to  be  practically 
endless,  by  our  measurements  of  the  velocity  of  the  star  Groom- 
bridge  18 jo.  A  special  effort  was  made  to  measure  its  velocity. 
as  this  is  the  star  which  up  to  three  years  ago  had  the  largest 
known  proper  motion.  Its  photographic  magnitude  is  in  the 
neighborhood  of  7.5.  The  results  obtained  have  shown  that 
the  observations  may  be  extended  by  present  methods  to  stars 
perhaps  a  magnitude  fainter.  Stars  available  for  measurement 
are  therefore  numbered  by  thousands.  As  soon  as  half  a 
dozen  of  the  eight  or  ten  great  telescopes  now  engaged  in  this 
work  have  been  made  to  produce  accurate  results,  it  will  be 
highly  desirable  that  the  interested  observatories  arrange  and 
carry  out  a  scheme  of  cooperation  on  a  large  scale. 

From  Mt.  Hamilton  it  is  possible  to  secure  the  speeds  of 
the  stars  between  the  North  Pole  and  300  South  Declination. 
The  stars  in  the  quarter  of  the  sky  from  300  South  to  the  South 
Pole  remain  unobserved.  For  many  years  it  has  been  my  desire 
to  organize  an  expedition  to  the  southern  hemisphere  for  the 
purpose  of  measuring  the  velocity  of  these  stars.  The  time 
for  organizing  this  expedition  seemed  to  have  come  in  the 
winter  of  1900.  With  the  approval  and  indorsement  of  the 
President,  the  subject  was  brought  to  the  attention  of  Mr.  D. 
O.  Mills,  who  most  generously  offered  to  provide  funds  for 
constructing  the  instruments,  for  defraying  traveling  expenses, 
and  for  paying  the  salaries  of  the  astronomers  engaging  in 
the  work.  It  was  decided  to  construct  a  reflecting  telescope 
mounting  to  carry  the  extra  36^  -inch  mirror  that  was  in  our 
possession,  first  cutting  a  hole  through  the  center  of  the  mirror 
in  order  that  the  Cassegrain  form  of  mounting  could  be  util- 
ized. It  was  known  that  the  mirror  was  of  imperfect  figure, 
and  it  was  planned  to  have  the  John  A.  Brashear  Company 
refigure  it  after  the  hole  had  been  cut.  Unfortunately,  in  the 
process  of  cutting,  the  mirror  broke  in  pieces  on  account  of  its 
enormous  internal  strains.    This  was  not  a  misfortune,  as  Dr. 
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Brash  ear  reported  that,  on  account  of  its  very  imperfect  an- 
nealing, this  piece  of  glass  could  never  have  been  made  to  work 
well.    A  new  mirror  was  ordered  at  once. 

The  telescope  mounting,  designed  in  general  features  by 
the  Director,  was  brought  to  the  mountain  in  December,  190 1. 

A  powerful  three-prism  spectrograph,  designed  by  the  Direc- 
tor for  use  with  the  reflecting  telescope,  is  completed.  The 
delicate  parts  of  the  mounting  were  constructed  by  our  instru- 
ment-maker, and  the  optical  parts  by  the  John  A.  Brashear 
Company.  Mr.  Wright  has  submitted  the  whole  spectro- 
graph to  severe  tests.  Its  performance  appears  to  be  superior 
even  to  that  of  the  original  Mills  spectrograph.  A  modern 
steel  dome  was  built  for  the^  expedition  by  the  Warner  & 
Swasey  Company,  and  was  shipped  to  San  Francisco  on  June 
2 1  st.  The  minor  pieces  of  apparatus  required  have  all  been 
provided.  It  is  planned  to  select  a  suitable  observing-station 
in  the  vicinity  of  Santiago,  Chile.  It  is  confidently  hoped 
that  this  work  will  be  at  least  as  fruitful  as  that  carried 
on  with  the  Mills  spectrograph  attached  to  the  thirty-six-inch 
•equatorial. 

The  Director  wishes  to  make  full  acknowledgment  of 
the  enthusiastic  support  afforded  him  by  the  members  of  the 
Observatory  staff.  Every  man  has  been  ready  to  make  the 
most  of  the  opportunities  supplied  by  the  splendid  instruments, 
by  the  unexcelled  climatic  conditions,  and  by  the  excellent 
policy  inaugurated  for  the  ( )bservatory  by  the  officers  of  the 
University  of  California. 

\Y.  \Y.  Camit.kli,,  Director. 
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Astronomy  in  the  Carnegie  Institution. — In  Science  for  Jan- 
uary 30th,  President  Daniel  C.  Gilman,  of  the  Carnegie 
Institution,  publishes  a  detailed  account  of  the  proceedings  of 
the  Institution  during  the  first  year  of  its  existence.  From 
this  account  we  extract  such  information  as  is  of  especial  in- 
terest to  astronomers. 

In  order  to  determine  what  work  should  be  entered  upon 
by  the  Institution,  an  advisory  committee  was  appointed  in 
each  of  eighteen  sciences ;  that  for  astronomy  is  made  up  of 
E.  C.  Pickering  (Harvard),  Lewis  Boss  (Albany),  George 
E.  Hale  (Yerkes  Observatory ),t  S.  P.  Langley  (Smithsonian 
Institution),  and  Simon  Newcomb.  Some  other  names  well 
known  in  astronomy  are  to  be  found  among  the  other  com- 
mittees: Ormond  Stone  (Mathematics),  R.  S.  Woodward, 
and  A.  A.  Michelson  (Physics),  T.  C.  Chamberlin  (Geol- 
ogy) and  Cleveland  Abbe  (Meteorology). 

At  its  meeting  in  November,  1902,  the  Board  of  Trustees 
made  the  following  appropriations  for  research,  aggregating 
$185,200 : — 

Astronomy $21,000 

Bibliography 15,000 

Botany 11,700 

Chemistry 3,000 

Economics 15,000 

Engineering 4,500 

Exploration 5,000 

Geology 12,000 

Geophysics 8,500 

History 5,000 

Investigation  of  project  for  southern  and  solar 

observatory 5,000 

Investigation  of  project  for  physical  and  geo- 
physical laboratories 5,000 

Investigation  of  natural  history  projects    ....  5,000 

Marine  biological  research 12,500 

Paleontology 1,900 

Physics 4,000 

Physiology ...  5,000 

Psychology 1,600 

Publications 5i5oo 

Research  assistants 25,000 

Student  research  work  in  Washington 10,000 

Zoology 4,000 
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It  will  be  seen  that  the  appropriation  for  astronomy  is  con- 
siderably in  excess  of  that  for  any  other  science,  even  without  the 
$5,000  allotted  to  an  investigation  of  the  project  for  a  southern 
observatory.  The  reason  for  this  will  be  found  in  the  avowed 
objects  of  the  Institution,  to  favor  those  projects  which  seem 
to  require  immediate  assistance,  and  to  avoid  coming  into 
competition  with  other  agencies  for  the  promotion  of  research. 

Some  of  the  grants  in  astronomy  are  as  follows :  $2,500  to 
Harvard  Observatory,  to  assist  in  a  more  thorough  study  of 
the  astronomical  photographs  that  are  being  made  at  Cambridge 
and  at  Arequipa ;  $4,000  to  the  Yerkes  Observatory,  for  an  in- 
vestigation of  stellar  parallaxes  by  means  of  photography, 
investigations  in  stellar  photometry,  a  study  of  several  hundred 
photographs  of  the  Sun  taken  at  Kenwood  Observatory  in  the 
years  1891  to  1896,  and  for  certain  other  investigations  in 
solar  and  stellar  spectroscopy ;  $4,000  to  the  Lick  Observatory, 
to  be  expended  in  the  employment  of  assistants  and  computers ; 
$1,000  to  Vassar  College  Observatory,  to  make  measurements 
and  reductions  of  photographs  of  stars  in  the  region  of  the 
north  pole  of  the  heavens.  We  regret  that  we  cannot  give  a 
complete  list  of  the  separate  grants  in  astronomy.  The  secre- 
tary of  the  Institution  informs  us  that  the  trustees  have  decided 
to  leave  the  announcement  of  grants  to  such  of  the  grantees 
who  may  desire  to  make  them. 

Recent  Meetings  of  .Istronoiiucal  St>cieties. — This  country 
now  has  two  societies  of  professional  astronomers:  the  Astro- 
nomical and  Astrophysieal  Society  of  America,  and  Section  A 
( Mathematics  and  .Istronomy )  of  the  American  Association  for 
the  Advancement  of  Science.  These  societies  are  in  no  sense 
rivals,  especially  since  the  affiliation  of  the  former  with  the 
American  Association.  The  two  now  hold  meetings  at  the 
same  time  in  the  same  city,  and  the  privileges  of  the  meetings  of 
each  are  extended  to  the  members  of  the  other.  The  meetings 
for  this  year  were  held  at  Washington  during  "convocation 
week,"  beginning  Monday,  December  29.  1902. 

The  Astronomical  and  Astrophysical  Society  elected  the  fol- 
lowing set  oi  officers  for   1903: — 

r resident — Simon  Xkwciimh. 

hirst  rice-President — Clr.oKc.K  E.  Halk. 

Second  J 'ice-President — \Y.  \V.  Cam  it>kll. 
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Treasurer — C.  L.  Doolittle. 

Councilors — Ormond  Stone,  W.  S.  Eichelberger. 

Secretary — George  C.  Comstock. 

Besides  Professor  Newcomb's  address  on  "The  Universe 
as  an  Organism,"  the  following  papers  were  read : — 

H.  Jacoby  :  Photographic  Measures  made  with  the  reseau 
and  without. 

George  E.  Hale,  Ferdinand  Ellerman,  and  J.  A.  Park- 
hurst:    The  Spectra  of  Stars  of  Secchi's  Fourth  Type. 

W.  J.  Humphreys:  Certain  Matters  Connected  with  Spec- 
troscopic Methods. 

E.  B.  Frost  and  W.  S.  Adams:  (i)  Radial  Velocities  of 
Twenty  Stars  having  Spectra  of  the  Orion  Type.  (2)  New 
Spectroscopic  Binaries.  (3)  The  Wave-lengths  of  Rydberg's 
First  Line  of  Hydrogen  (A  4686)  and  Others. 

W.  S.  Adams:  The  Orbit  of  the  Spectroscopic  Binary  17 
Orionis. 

E.  O.  Lovett:  (i)  Periodic  Solutions  of  the  Problem  of 
Four  Bodies.    (2)  On  the  Integrals  of  the  Problem  of  n  Bodies. 

G.  C.  Comstock  :    The  Masses  in  85  Pegasi. 

F.  W.  Very  :     Form  and  Structure  of  the  Galaxy. 

S.  A.  Mitchell:  Neon,  Krypton,  and  Zenon  in  the 
Chromosphere. 

G.  C.  Comstock:     Proper  Motions  of  Faint  Stars. 
Sarah  F.  Whiting:    Astronomical  Laboratory  Work. 

F.  W.  Very:  Cause  of  the  Nebulosity  Around  Nova 
Persei. 

G.  W.  Hough  :  The  Mounting  of  Fixed  Meridian  Instru- 
ments. 

J.  A.  Parkhurst:    Faint  Variable  Stars. 

S.  C.  Chandler  :    The  Value  of  the  Aberration  Constant. 

C.  L.  Doolittle:  Constant  of  Aberration  from  Observa- 
tions in  1901-1902. 

E.  F.  Nichols  and  G.  T.  Hull;   The  Pressure  of  Light. 

E.  E.  Barnard:  (i)  Triangulation  of  Stars  in  Four 
Globular  Clusters.  (2)  Observations  of  Variable  Stars  in 
Globular  Clusters. 

A.  O.  Leuschner:  (i)  Short  Method  of  Determining 
Orbits.  (2)  A  Method  of  Computing  Orbits  in  Rectangular 
Coordinates.  (3)  The  Solution  of  the  Orbit  Irrespective  of 
Parallax  and  Aberration.     (4)  The  Orbit  of  Comet  1902  a. 
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G.  H.  Peters  :  The  Photoheliograph  of  the  Naval  Observa- 
tory. 

Simon  Newcomb  :  Statement  of  the  Progress  made  by  the 
Watson  Trustees  in  Computing  Tables  of  the  Watson  Aster- 
oids. 

A.  S.  Flint:    Meridian  Observations  for  Stellar  Parallax. 

L.  A.  Bauer:  Magnetic  Results  during  the  Eruption  in 
Martinique. 

S.  D.  Townley  :    The  Light  of  the  Stars. 

Abstracts  of  most  of  these  papers  may  be  found  in  Science 
for  February  27,  1903;  and  President  Newcomb's  address  is 
printed  iri  full  in  Science  for  January  23,  1903. 

Section  A  of  the  American  Association  elected  Otto  H. 
Tittmann  as  Vice-President  for  the  next  meeting  and  L.  G. 
Weld  as  Secretary.  An  address  "On  the  Physical  Constitution 
of  the  Planet  Jupiter"  was  delivered  by  Professor  G.  W. 
Hough,  and  is  printed  in  Science  for  January  16,  1903;  in 
the  same  place  may  be  found  abstracts  of  the  papers  read  before 
the  meetings,  the  titles  of  which  follow: — 

O.  H.  Tittmann:  Deflections  of  the  Vertical  in  Porto 
Rico. 

L.  G.  Weld:    Saint  Loup's  Linkage. 

S.  P.  Langley  :     A  Device  to  Prevent  Personal  Equation. 

S.  P.  Langlev:  The  Solar  Constant  and  Related  Prob- 
lems. 

S.  P.  L angle y  :     Good  Seeing. 

Paul  Carus  :     The  Foundations  of  Mathematics. 

F.  H.  Rigelow  :     Structure  in  the  Mass  of  the  Sun. 

P.  Lowell:  Spectroscopic  Proof  of  the  Rotations  of  Jup- 
iter, Saturn,  and  Venus. 

G.  P>.  Halsted  :     The  Teaching  of  Geometry. 

E.  (.).  Lovet']  :  Special  Periodic  Solutions  of  the  Problem 
of  ;/  Bodies. 

E.  O.  Lovett:  The  Problems  of  Three  or  More  Bodies 
with  Prescribed  Orbits. 

Asaph  Hall:     Secular  Perturbations  of  the  Planets. 

G.  B.  Halsted:     The  Rolyai  Centenary. 

C.  J.  Ling:    Approach  of  Comet  b  1902  to  Mercury. 

G.  A.  Hill:  An  Untried  Method  of  Determining-  the 
Constant  of  Refraction. 
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J.  T.  Quinn  :  Development  of  Conic  Sections  by  Kine- 
matic Methods. 

G.  C.  Comstock:  Time  Determinations  at  Washburn 
Observatory. 

C.  S.  Howe  :  Determination  of  Time  by  Reversing  on  Each 
Star. 

James  S.  Miller  :    Geometrical  Analysis. 

C.  J.  Keyser:  Bolzano's  Contributions  to  Assemblage 
Theory. 

C.  W.  Frederick  :    The  Constants  of  the  Equatorial. 

Luigi  d'  Auria:  A  Relation  between  the  Mean  Speed 
of  Stellar  Motion  and  the  Velocity  of  Wave  Propagation  in  a 
Universal  Gaseous  Medium. 

E.  L.  Larkin  :  Condition  of  Seeing,  etc.,  at  Lowe  Observa- 
tory. 

The  following  grants  have  been  made  by  the  Rumford  Com- 
mittee of  the  American  Academy  of  Arts  and  Sciences:  To 
Dr.  R.  S.  Minor,  $250  for  a  research  on  the  dispersion  and 
absorption  of  ultra-violet  radiations;  to  Dr.  S.  D.  Townley, 
of  Ukiah,  Cal.,  $100  for  a  stellar  photometer;  to  Professor 
E.  B.  Frost,  of  the  Yerkes  Observatory,  $200  for  a  special 
lens  to  be  used  in  connection  with  the  Bruce  spectrograph  in 
the  study  of  velocities  in  the  line  of  sight ;  to  Professors  E.  F. 
Nichols  and  G.  F.  Hull,  of  Dartmouth  College,  $250  for  a 
research  on  the  relative  motion  of  earth  and  ether ;  to  Professor 
George  E.  Hale,  of  the  Yerkes  Observatory,  $300  for  a  Row- 
land grating  to  be  used  in  studying  the  spectra  of  the  brightest 
stars. 


During  the  illness  of  Professor  John  K.  Rees,  who  has 
taken  a  leave  of  absence  until  next  fall,  Professor  Harold 
Jacoby  is  in  charge  of  the  Astronomical  department  at  Colum- 
bia University.  Dr.  Charles  L.  Poor,  formerly  associate  pro- 
fessor of  astronomy  at  the  Johns  Hopkins  University,  has  been 
appointed  lecturer  in  astronomy  at  Columbia  University.  Dr. 
Sidney  D.  Townley,  of  the  University  of  California,  has  been 
appointed  observer  at  the  International  Latitude  Station  at 
Ukiah.  Doctor  Townley  will  take  charge  of  the  station  on 
May  1st;  from  February  1st  until  this  later  date  the  time  will 
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be  spent  in  alternate  observing  by  Doctor  Townley  and  the 
present  observer  for  the  purpose  of  determining  whether  a 
chang'e  of  observers  will  have  any  apparent  effect  upon  the 
latitude.  The  vacancy  caused  "by  Doctor  Townley's  resigna- 
tion from  the  Berkeley  Astronomical  Department  of  the  Uni- 
versity of  California  has  been  filled  by  the  appointment  of 
Doctor  Russell  Tracy  Crawford,  examiner  to  the  U.  S.  Civil 
Service  Commission. 


Doctor  Charles  Dufour,  professor  of  astronomy  at  Lau- 
sanne, Switzerland,  is  dead.  On  January  16th,  died  Professor 
E.  A.  Fuertes,  Director  of  the  A.  C.  Barnes  Astronomical 
Observatory  at  Cornell  University.  Professor  Fuertes  was 
born  in  Porto  Rico  in  1838;  he  was  much  more  prominent  in 
engineering  than  in  astronomy.  Professor  William  Hark- 
ness,  late  Director  of  the  Nautical  Almanac,  and  one  of  the 
most  prominent  of  American  astronomers,  died  on  February 
28th ;  we  hope  to  give  later  a  sketch  of  his  career. 


For  the  following  accounts  of  Sir  G.  G.  Stokes  and  of 
James  Glaisher,  who  died  recently  in  England,  we  are  in- 
debted to  Mr.  Andrew  Gkek;,  of  Dundee,  Scotland: — 

"Sir  Geokoe  Gakkiel  Stokes,  of  Cambridge,  England,  died 
1st  February,  1903-  ^  was  m  I^4I  tnat  nc  tou^  ms  degree  as 
Senior  Wrangler.  In  1849  nc  was  tooted  to  fill  the  chair  of 
Lucasian  Professor  of  Mathematics  at  Cambridge — once  oc- 
cupied by  New  ton;  and  three  years  after  became  a  Fellow  of 
the  Royal  Society,  and  from  1885  to  1890  he  acted  as  1 'resident 
of  that  distinguished  body.  Xo  occupant  of  Newton's  office 
so  closely  resembled  the  great  master.  In  the  quality  and  direc- 
tion of  their  studies,  in  the  perfection  of  their  analysis,  and  in 
the  devout  reverence  for  the  cause  (A  causes  in  Nature,  they 
were  men  of  the  same  order.  Stokes's  favorite  study  was  the 
science  oi  light.  It  was  said  (^i  him  that  'if  vou  give  Stokes 
three-quarters  of  an  hour  of  sunlight,  there  is  no  experiment 
in  optics  that  he  cannot  perform  lor  you.'  He  received  two 
medals  from  the  Royal  Society  ;  held  honorarv  degrees  of  sev- 
eral universities;  and  was  I 'resident  of  the  Fritish  Association 
in  1869. 

"  Sir  (i.\r.kiEi.  Stokes  was  one  of  the  foremost  mathemati- 
cians of  his  time.     Among  scientific  men  of  his  generation  he 


Astronomical  Society  of  the  Pacific.  139 

stood  very  high.  Lord  Kelvin  once  called  him  'the  teacher 
and  guide  of  his  contemporaries/  and  the  esteem  in  which  he 
was  held  in  the  world  of  learning  was  abundantly  illustrated 
on  the  occasion  of  his  jubilee  as  Lucasian  Professor  in  1899, 
when  the  principal  Universities  of  the  Old  and  New  World 
sent  their  most  distinguished  savants  to  do  honor  to  the  event. 
His  researches  into  optics  and  the  spectrum  analysis,  his  inves- 
tigation into  the  variation  of  gravity  over  the  Earth's  surface, 
and  his  enunciation  of  the  laws  of  fluorescence,  placed  him  in 
the  front  rank  of  nineteenth  century  scientists.  His  papers  on 
these  and  many  other  subjects  are  pronounced  to  be  'perfect 
in  form  and  unassailable  in  accuracy/  He  died  at  the  ripe 
old  age  of  83." 

"At  the  ripe  age  of  93  there  has  just  died  Mr.  James 
Glaisher,  F.R.S.,  for  many  years  Superintendent  of  the  Mag- 
netical  and  Meteorological  Department  of  the  Royal  Observa- 
tory, Greenwich,  and  a  scientist  of  no  mean  attainments.  His 
special  study  was  meteorology,  and  in  the  pursuit  of  his  investi- 
gations he  made  the  famous  seven-mile  balloon  ascent  with 
the  late  Mr.  Henry  Cox  well,  when  both  aeronauts  narrowly 
escaped  with  their  lives.  Mr.  Glaisher  was  born  in  London 
in  April,  1809,  and  was  barely  20  years  old  when  he  received 
an  appointment  in  connection  with  the  Ordnance  Survey  of 
Ireland.  He  made  close  observations  respecting  the  formation 
and  the  colors  of  clouds,  subsequently  publishing  a  book  on  the 
subject.  In  1833  he  became  an  assistant  at  Cambridge  Observa- 
tory, and  three  years  later  assistant  in  the  Astronomical  Depart- 
ment of  the  Royal  Observatory  at  Greenwich,  while  in  1840  he 
was  appointed  superintendent  of  the  newly  formed  Magnetic 
and  Meteorological  Department  at  Greenwich.  That  post  he 
continued  to  hold  until  his  retirement  from  the  public  service 
34  years  later.  Among  other  things  he  did  in  this  position 
was  to  begin,  in  1841,  the  publication  of  those  quarterly  and 
annual  reports  on  meteorology  which  have  been  regularly  is- 
sued by  the  Registrar-General  ever  since.  Mr.  Glaisher  wrote 
more  than  100  books  and  papers  on  astronomy,  meteorology, 
and  the  theorv  of  numbers. " 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 

held    in    the    Rooms    of    the    Society, 

March  28,  1903,  at   7:30  p.m. 

President  Perrine  presided.  A  quorum  was  present.  The  minutes 
of  the  last  meeting  were  read  and  approved.  The  following  mem- 
bers were  duly  elected: — 

List  of  Members  Elected  March  28,  1903. 

Mr.  Geo.  A.  Batchelder Menlo  Park,  Cal. 

Mr.  H.  C.  Chbsebrough 300  California  St.,   S.  F.,  Cal. 

Dr.  Russel  Tracy  Crawford   .   .  \  Stg[nts'  0bse^'atory»  Berkeley, 

Mr.  Ralph  Curtiss \  Lick  Observatory,  Mt   Hamilton, 

{      Cal. 
Mr.  E.  A.  Denicke 1000  Mason  St.,  S.  F.,  Cal. 

Mr.  R.  H.  E.  Espev \  R°om>  4*  floor  Mills  Building, 

(      S.  F.,  Cal. 

Dr.  A.  F.  Gillihan -j  St^ntS'  °bservatory'  Berkeley> 

Mr.  H.  T.  S.  Green  .......  -j  London.^ris  &  American  Bank, 

R    Waldo  Harrison 165  Clinton  Ave  ,  Jersey  City,  N.J. 

Mr.  Garrett  W.  McEnernev  .   .    .  Nevada  Block,  S.  F.,  Cal. 

Mr.  James  D.  Phelan Phelan  Building,  S   F.,  Cal. 

Mrs.  E.  T.   Schild 1908  Broadway,  S.  F,  Cal. 

D'-  M.  Sc„IRMAN j  RSi4nf|27FECr  SPreCke'S 

Mr.  S.  E.  Slade 6  California  St.,  S    F.,  Cal. 

Mr.  A.   R.  Spreckei.s* 327  Market  St.,  S.  F.,  Cal. 

m  t    ..,    c,-n.,„K,  •  *  Lick  Observatory,    Mt    Hamilton, 

Mr.       OkL    SlEBBINS ,-    ,  -  ' 

J  /       Lai 

Mr    F.  \V.   Van  Sicklkn 1S31   Central  Ave.,  Alameda,  Cal. 

Mr.  J.   H.   O.   Wolf 92  Flood  Building,  S.  F,  Cal. 

Report   of   the    Library    Committkk. 
The  Library  Committee  presented    its    report,  as    follows,   and   the 

report  was  accepted  and  filed: — 

San   Francisco,  Cal.,  March   -s,   i<f.K. 

To  the  Board  of  Phectots  of  the  Astronomical  Society  of  the  Pacific  — 

We,  the  undersigned  Committee  of  the  Society's  Library,  report  as  follows:  — 
Since  the  last  written  report,  two  years  ago,  several  changes  have  been  made  in  the 
Library;  a  set  of  shelves  and  a  chest  of  drawers  have  Iven  added  to  the  equipment,  the 
books  and  pamphlets  have  been  rearranged,  many  incomplete  volumes  and  sets  completed, 
the  accessions  book  and  the  card  catalogue  checked  up,  and  a  good  start  made  toward  the 
preparation  of  the  catalogue  authorized  by  the  Board  of  Directors  at  the  meeting  of 
November  30.    u/u. 

By  binding,  purchase,  and  gift  the  number  of  volumes  in  the  accessions  book  has  been 
increased  in  the  last  two  years  from  1,14.4  to  1,15s.  There  are  also  about  fot  ty  volumes 
at  the  bindery,  which  makes  a  total  of   1,300  bound  volumes  in  the  Society's  Libraty. 

The  expenditures  from  the  Alexander  Montgomery  Library  Fund  mas  he  found  in  the 
Treasurer's  report. 

•Signifies  life  membership 
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The  Committee  wishes  to  express  its  indebtedness  to  Miss  Adelaide  Hobe,  a  member 
of  the  Society,  who  kindly  spent  several  days  during  the  Christmas  holidays  aiding  the 
Committee  in  rearranging  the  books  and  in  checking  up  the  accessions  book  and  the  card 
catalogue.  Respectfully  submitted, 

Sidney  D.  Townlby,  Librarian. 

Rose  O'Halloran. 

The  following  resolutions  were  adopted: — 

Resolved,  That  the  sum  of  $5,000,  constituting  the  bequest  to  the  Society  by  the  late 
Mr.  John  Dolbeer  be  transferred  from  the  General  Fund  to  a  separate  fund,  to  be  known 
as  the  John  Dolbeer  Fund  of  the  Astronomical  Society  of  the  Pacific. 

It  was,  upon  motion  by  the  Treasurer, 

Resolved,  That  the  funds  of  the  Society,  with  the  exception  of  the  General  Fund,  be 
placed  under  the  immediate  care  of  the  Finance  Committee,  and  that  moneys  belonging  to 
such  funds  shall  be  withdrawn  only  upon  orders  or  receipts  signed  by  at  least  a  majority  of 
the  members  of  said  Finance  Committee,  and  that  a  copy  of  this  resolution,  duly  certified 
by  the  President  and  Secretary,  be  delivered  to  the  banks  holding  such  deposits. 

It  was,  upon  motion  by  Mr.  Cushing, 

Resolved,  That  the  Finance  Committee  be  empowered  to  invest  the  funds  of  the 
Society,  upon  the  consent  of  the  President,  in  such  first-class  bonds  as  they  may  deem 
advisable. 

Resolved,  That  the  dates  of  issue  of  the  Publications  be  changed  from  the  1st  to 
the  10th  of  the  months  of  February,  April,  June,  August,  October,  and  December. 

Amendment  to  the  Bv-Laws. 

The  following  amendment  to  the  By-Laws  was  duly  adopted 
by  the  consenting  votes  of  nine  Directors,  namely: — 

Messrs  Perrine,  Leuschner,  Cushing,  Babcock,  Aitken,  Camp- 
bell, PlERSON,  MOLERA,  ZlEL. 

Article  IX. 

The  annual  meeting  of  this  Society  shall  be  held  on  the  last 
Saturday  in  March,  at  8  o'clock  p.  m.,  at  the  rooms  of  the 
Society  in  San  Francisco;  and  meetings  shall  be  held  for  the  ordi- 
nary transactions  and  purposes  of  the  Society,  as  follows: — 

Meetings  shall  be  held  in  the  Library  of  the  Lick  Observatory, 
Mount  Hamilton,  at  a  suitable  hour  on  the  last  Saturdays  of  June 
and  August;  and  meetings  shall  be  held  in  the  rooms  of  the  Society, 
in  San  Francisco,  at  8  o'clock  p.  m.,  on  the  last  Saturdays  of 
January,  March,  and  November. 

A  special  meeting  may  be  called  by  the  President,  or,  in  his 
absence  or  disability,  by  one  of  the  Vice-Presidents,  or,  in  the 
absence  or  disability  of  the  President  and  the  Vice-Presidents,  by 
the  Secretary,  on  the  written  requisition  of  ten  active  or  life  mem- 
bers; and  the  object  of  such  meeting  shall  be  stated  in  the  notice  by 
which  it  is  called. 

The  annual  election  shall  be  held  on  the  day  of  the  annual 
meeting,  between  the  hours  of  8:15  and  9  p.  m. 

No  member  shall  be  permitted  to  vote  at  any  meeting  of  the 
Society  who  has  not  paid  all  his  dues  for  past  and  current  years. 
There  shall  be  no  voting  by  proxy. 

Adjourned. 
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Minutes   of  the    Fifteenth    Annual    Meeting   of    the 
Astronomical   Society  of    the    Pacific,  held   in 
the    Lecture    Hall    of    the     California 
Academy  of  Sciences.    March  28, 
1903,    at    8   P.  M. 
The   meeting   was   called   to   order   by    President   Perrine.      A 
quorum   was  present.     The  minutes  of  the  last  meeting  were  ap- 
proved.     The    Secretary    read   the    names    of   new    members    duly 
elected  at  the  Directors'  meeting. 

The  following  papers  were  presented: — 

1 .  Address  of  the  retiring  President  of  the  Society,  by  C.  D.  Perrine. 

2.  Reports  of  Committees;  on  Nominations;  on  the  Comet  Medal;  on  the  Library; 

on  Auditing;  and  Annual  Report  of  the  Treasurer. 

3.  The  D.  O.  Mills  Expedition  to  Chile,  by  W.  W.  Campbell. 

4.  Astronomical  Observations  at  Odder.  Denmark,  in  1902,  by  Torvald  Kohl. 

5.  The  Parallax  of  D'lta  Equuui,  by  W.  J.  Husshy. 

6    Observations  of  Variable  Stars,  by  Miss  Rose  O'Halloran. 

7.  The  Orbit  of  Efisilon  Hydra,  AB.,  by  R.  G.  Aitken. 

8.  Planetary  Phenomena  for  May  and  June,  1903,  by  Malcolm  McNeill. 

The  Committee  on  Nominations  reported  a  list  of  names  pro- 
posed for  election  as  Directors,  as  follows:  Messrs.  R.  G.  Aitken, 
Chas.  Burckhaltkr,  W.  W.  Campbell,  Wm.  H.  Crocker,  Chas  S. 
Cushing,  O.  von  Geldern,  A.  O.  Leuschner,  E.  J.  Molera,  Wm.  M. 

PlERSON,  S.  D.  TOWNLEY,  F.  R.  ZlEL. 

For  Committee  on  Publication:  Messrs.  R.  G.  Aitken  (Chair- 
man), Frank  Schlesinger,  S.  D.  Townley. 

Messrs.  Badcock  and  vox  Gei.dekx  were  appointed  as  teller:?. 
The  polls  were  open  fn  »m  8:15  to  u  i\  m.,  and  the  persons  above- 
named  were  duly  eleeted  to  serve  lor  the  ensuing  year. 

Report  of  the  Committee  on  the  Duxoiiuk  Comet-Medal. 
Submitted  March  28.   J 003. 
This  report   relates*  to  the  Calendar  year   igoj.     The  Comets  of 
100J   have   been:- — 

Comet  a  (unexpected  comet)  discovered  by  \Y.  l\.  Brooks  at 
Geneva.   X.   V.,  on   April    14th. 

Comet  /'  (unexpected  comet)  discovered  by  C.  I).  I'tRRiNEat  the 
Lick   Observatory  <  >n  September   1st 

Outlet      (■     (unexpected     comet)      reported     by     John     Grk;<;     of 

Thames.  New  Zealand,  as  having  been  seen  by  hmi  first  «»n  July  23d. 

This   comet   appears   to   have   escaped   detection   by   other   observers. 

Comet    ;/    (unexpected    comet)     discovered   by    M.    Gi.\(  or.txi    at 

Nice  on   December  ~>d. 

In  accordance  with  the  statutes,  Doiiohoc  Comet- Medals  have 
been  awarded  to  the  discoverers  of  Comets,  a,  /'.  and  d. 

W.   W    Camimu  i.l, 
Chas.    Bikc  kii.u.t  ek, 
Wm.   M.   Pieksox, 
Lotninit(ee  on  the  Donohoe  Comet- Medal. 
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The  Treasurer  submitted  his  Annual  Report  as  follows:— 

Annual  Statement  of  the  Receipts  and  Expenditures  of  the 

Astronomical  Society  of  the  Pacific  for  the 

Fiscal  Year  ending  March  28,  1903. 

general  fund. 

Receipts.    {March  jot  1902,  to  December  jr,  1902.) 

1902,  March  30th.    Cash  Balance , $77  27 

Received  from  dues  for  1892  and  previous  years $206  62 

"      "   1903 40  00 

"  "     Life  membership  fee 50  00       $296  62 

"  "     sale  of  publications 

"  "        "    "    stationery 

i4  "     Bruce  Medal  Fund  (loan  of  March  8,  1900,  returned) 

"     Contribution  by  Mr.  Wm.  Alvord 

' Wm.  M.  Pikrson 

Less  transfer  to  Life  Membership  Fund 50  00  976  82 

$1,054  09 
Expenditures.    (March  30,  1902,  to  December  j/,  1902.) 

For  Publications:  printing  Vol.  XIV $566  15 

illustrations 16  45    $582  60 

Stationery  and  printing 

Postages 

Rent 

Salary  Secretary-Tre  isurer 

Expressages 

Telephone 

Janitor 

Gas 

Insurance  premiums 

Carpenter  and  locksmith 

lecturer's  traveling  expenses 

Lantern  at  lecture 8  00        1,051  81 

19^2,  December  31LL    Cash  Balance $2  28 

Receipts.     (January  r  to  March  28,  T90J.) 

Received  from  dues  for  1903 •   ■   • $552  02 

"  "        "      "    previous  years 90  00    $642  02 

"  "      Security  Savings  Bank  (interest) 

"      Life  Membership  Fund  (interest 

Bequest  received  from  Estate  of  John  Dolbker 
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75 
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00 

12 

50 
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00 

Expenditures.    (January  1  to  March  *V,  1903) 

For  Publications:  printing  No.  8S  of  Vol.  XV 

Stationery  and  printing 

Postages 

Rent 

Salary  Secretary-  treasurer 

Expressages 

Janitor 

Gas 

Bank  exchanges 

1903,  March  28th.     Cash  Balance 


17 

53  76 

5,000  00 

5.695  95 

$5,698  23 

$126  55 

54  00 

10  60 

45  00 

45  00 

25 

1  00 

1  00 

15 

283  55 

$5,4U  68 
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LIFE   MEMBERSHIP   FUND. 

1902,  March  30th.    Cash  Balance $1,653  95 

Received  from  General  Fund 50  00 

Interest  for  1902 53  76 


$»,757  71 
53  76 


Less  transfer  to  General  Fund  (interest) 

i9°3*  March  28th.    Cash  Balance $i»7Q3  95 


DONOHOE    COMET- MEDAL    FUND. 

1902,  March  30th.    Cash  Balance $685  47 

Interest  for  1902 22  11 

$707  58 
2  00 


Less  engraving  medals  Nos.  41  and  42 

1903,  March  28th.    Cash  Balance $705  58 


BRUCE  MEDAL  FUND. 

1902,  March  30th.    Cash  Balance $2,554  07 

Interest  for  1902 76  84 

$2,630  91 


Less  remittance  to  A.  Dubois,  balance  of  fourth  award $      50 

"    advance  of  March  8,  1900,  returned  to  General  Fund 81  62 


82  12 


1903,  March  28th.    Cash  Balance $2,548  79 


ALEXANDER   MONTGOMERY   LIBRARY   FUND. 

1902,  March  30th.    Cash  Balance 

Interest  for  1902 


Less  expenditures: 

Mueller:  Photometrie  der  Gestirne, 

Scheiner:    Photographic  der  Gestirne, 
byrd:   Laboratory  Manual  in   Astronomy, 
Comstock:   Method  of   Least  Squares, 
Doolitlle:  Treatise  on  Practical  Astronomy, 
Morton:   Heroes  of  Science, 
Dreyer:  Tyeho  Krahe, 
Lodge;   Pioneers  ol  Science, 
Comstock:   Textbook  of  Astronomy. 
Howe:  Elements  of  Descriptive  Astronomy, 
Todd:   New  Astronomy. 

Richards:   Navigation  ami   Nautical  Astronomv, 
Newcomb;  The  Stars, 

Jacoby:  Practical    Talks  by  an  Asttonomer, 
Moulton:  Celestial  Mechanics.  \ 

Briekerton:   Romance  of  the  Earth,  '. 

"     "     Heavens,  \ 

Yalentiner:   Handwoerterbuch  der  Astronomic  (4  vols.) 

Hit  ks-Judd  Co.,  binding 

Astronomical  /onrtial.  Vol.  2  \ 

Po[>uia>    Astronomy,  Vol.   11 


$1,559  39 
49  26 

5i,6o8  65 


1   75 
23  34 


29  - 
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FUNDS. 

Balances  on  Deposit  as  follows: 
General  Fund: 

with  Donohoe-Kelly  Banking  Co $    414  68 

"    Union  Trust  Co 2,500  00 

"    Mutual  Savings  Bank 2,500  00  $5,414  68 

Life  Membership  Fund: 

with  San  Francisco  Savings  Union $653  95 

"    German  Savings  and  Loan  Society 450  00 

"    Hibernia  Savings  and  Loan  Society 600  00  $1,703  95 

Donohoe  Comet- Medal  Fund: 

with  San  Francisco  Savings  Union $221  45 

"    German  Savings  and  Loan  Society 237  68 

"     Hibernia  Savings  and  Loan  Society 246  45      $705  58 

Alexander  Montgomery  Library  Fund: 

with  San  Francisco  Savings  Union $439  84 

"    German  Savings  and  Loan  Society 42448 

"    Hibernia  Savings  and  Loan  Society 65082  $1,515  14 

Bruce  Medal  Fund: 

with  San  Francisco  Savings  Union $1,268  83 

"    Security  Savings  Bank 638  37 

"    German  Savings  and  Loan  Society 641  59  $2,548  79 

$11,888  14 
San  Francisco,  March  28,  1903.  • 

F.  R.  ZIEL,  Treasurer. 
Examined  and  found  correct. 


Chas.  S.  Cushing,  {.....       ~ 

.     ..    _  (  Auditing  Committee. 

L.    H.    PlKRSON,  >  * 

The  report  was,  on  motion,  accepted  and  filed. 


The  Committee  appointed  to  audit  the  Treasurer's  accounts  reported 
as  follows,  and  the  report  was,  on  motion,  accepted  and  adopted: — 

San  Francisco,  Cal.,  March  28,  1903. 
To  the  President  and  Members  of  the  Astronomical  Society  of  the  Pacific: 

Gentlkmen  — Your  committee  appointed  to  audit  the  accounts  of  the  Treasurer  for 
the  fiscal  year  ending  March  28,  1903,  has,  after  a  careful  examination,  found  the  same  to 
be  correct.  Respectfully  submitted, 

Chas.  S.  Cushing,  j  CcmmUU€% 
L.  H.  Pibrson,         » 

The  President  then  read  his  annual  address. 

Professor  Leuschner  read  Professor  Hussey's  paper  on  the  Parallax 
of  Delta  Equulei;  and  Mr.  Babcock  read  Professor  Campbell's  paper 
on  the  D.  O.  Mills  Expedition  to  Chile.  President  Perrine  then  replied 
to  questions  put  by  members  of  the  Society. 

The  following  resolution  was,  on  motion,  adopted: — 

Resolved,  That  all  the  acts  appearing  in  the  minutes  of  the  meetings  of  the  Board  of 
Directors  of  this  Society,  as  having  been  done  by  said  Board  during  the  past  fiscal  year, 
are  here  now,  by  this  Society,  approved  and  confirmed. 

Adjourned. 
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Minutes  of  the  Meeting  of  the  Board  of   Directors, 

held    in    the    rooms    of    the    society, 

March  28,  1903,  at  9:30  p.m. 

The  new  Board  of  Directors  was  called  to  order  by  Mr.  Burck- 
h alter.  A  quorum  was  present.  The  minutes  of  the  last  meeting 
were  approved. 

The  business  in  hand  being  the  election  of  officers  and  commit- 
tees for  the  ensuing  year,  the  following  officers  and  committees, 
having  received  a  majority  of  the  votes  cast,  were  duly  elected: — 

President:  Mr.  von  G elder n. 
First  Vice  President:  Mr.  S.  D.  Town  ley. 
Second  Vice-President:  Mr.  W.  W.  Campbell. 
Third  Vice-President:  Mr.  Chas.  S.  Cushing. 
Secretaries:  Messrs.  R.  G.  Aitken  and  F.  R.  Ziel. 
Treasurer:  Mr.  F.  R.  Ziel. 

Committee  on  the  Comet-Medal:  Messrs.  Campbell  (ex  officio), 
Pierson,  and  Burckhalter. 

Library  Committee:  Messrs.  Townley,  Richardson,  MissO'HAL- 
loran.     Mr.  Townley  was  appointed  Librarian. 

Finance  Committee:  Messrs.  Pierson,  Cushing,  Leuschner. 

The  Committee  on  Publication  is  composed  of:  Messrs.  R.  G.  Aitken 
(Chairman^,  Frank  Schlesinger,  S.  D.  Townley. 

The  Board  of  Directors  is  composed  of:  Messrs.  Aitken,  Burck- 
h alter.  Campbell,  Crocker,  Cushing,  von  Geldern,  Leuschner, 

MOLERA,    I'lEKSON,  TOWNLEY,  .111(1  ZlEL. 

Adjourned. 
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OFFICERS  OF  THE  SOCIETY, 

Mr.  von  Geloehn  ,  ♦  *  .  .  ,  ,  „  ........   ,  .  .  ,   .,,..,..*.  .  President 

Mr.  S,  D.  Towwlev  ,..,,., ......  First  Vtce* President 

Iff.  W.  W*  Cami-bkll ,  ,  .       . Second  Vice-President 

Mr,  Chas,  S,  Gushing , ,   ,   .   ,   ,    t  Third  Vtce*  President 

Mr.  R,  G.  Aitjckn   t  c~-w-«w 

Mr.  F.  R,  Zifl         1   *   '   '    '   ' * * Secretaries 

Mr,  F,  R.  ZlEL ,..,,,.  Treasurer 

Board  of  Directors— Messrs*  AItkkn,  Rurckhaltbr,  Campbell,  Gushing,  Leuschner. 

MOLERA,  CHOCKKR.  VON  GtCMlHRN,   PlKRSON,  TOWNLEV,  ZtBL 

Finance  Committee— Messrs.  Pre R son,  Gushing,  Lkuschnrr. 

Committee  on  Publication— Messrs.  Aitken,  Schlesingkr,  Townlev. 

AHlHHy  Committee—  Mr.  Town  Mi  v  (/„i£rarni*)»  RiCHARbfiON,  O'IC.m.lokan. 

Committer  on  the  Camst-Afrdat—Messts*  Camfsell  [ejt-ojpicio),  Pierson,  BukCkhaltkr, 

OFFICERS  OF  THE  CHICAGO  SECTION. 
Executive  Committer—  Mr.  Ruthven  W.  Pike, 

OFFICERS  OF  THE  MEXICAN  SECTION. 
Executive  Committee— Mr,  Fhmpr  Vallk. 


NOTICE. 

The  attention  of  new  members  Is  called  to  Article  VII I  of  the  By-Laws,  which  provides 
that  l  he  annual  bubscnpiion,  paid  on  election,  covers  I  be  calendar  year  only.  Subsequent 
annual  payments  are  due  on  January  rst  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  Weeping  as  simple  as  possible.  Dure  sent  by  mail 
should  bti  directed  to  Astronomical  Society  oi  the  Pacifu\6t9  Market  Street,  ban  Francisco, 

It  is  im  ended  that  each  member  oi  the  Society  fihail  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  he  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  in  this  matter*  it  is  request eo  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Publications  of  the  Society  as  sent  10 
them.  Once  each  year  a  title-page  and  contents  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  who  can  then  bind  the  numbers  together  Into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only*  so  far  as  the  stock  in  hand 
is  sufficient  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  wilhin  the  United  Stales  can  obtain  books  from  the  Society *s  libra rv 
by  sending  bis  library  card  with  ten  cents  m  stamps  to  the  Secretary  A,  S„  P.,  819  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  are 
printed  in  the  Publication!  is  decided  simply  by  convenience-  In  a  general  way,  Lho*e 
P'pcrs  are  printed  first  which  are  earliest  Accepted  for  publication.  It  is  not  possible  10 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  for  reading  should  lie  communicated  to  either  of  the  Secretaries  as 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  In  San  Francisco  will 
send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  ihc 
Society,  at  cost  price,  as  follows:  a  block  of  h'tter  paper,  40  cents;  of  note  paper,  2^  eenisi 
a  pack  Age  of  envelopes*  35  cents.  These  prices  include  postage,  and  should  be  remitted 
by  money -order  or  in  U,  S.  p>  si  age  stamps.    The  send  ings  are  at  the  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  wiih  "The  Secretary  Astronomical  Society  of  the  Pacific" 
at  the  rooms  of  the  Society*  Sig  Market  Street*  San  Francisco,  in  order  I  hat  arrangements 
may  be  made  for  transportation,  lodging*  etc. 
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PHOTOGRAPHIC    OBSERVATIONS    OF    COMET    b 
1902    (PERRINE). 


By  R.  H.  Curtiss. 


At  the  time  of  its  discovery,  September  1,  1902,  this  comet 
was  of  the  9th  magnitude,  with  a  fairly  sharp  nucleus  of 
magnitude  10^2  or  11.  As  the  preliminary  orbit  predicted  an 
interesting  career  for  the  visitor,  it  was  decided  to  make  a 
series  of  photographs  at  intervals,  depending  upon  the  degree 
of  activity  developed. 

For  this  work  the  Pierson  (Dallmeyer)  camera  of  I5cm 
aperture  and  82.6cm  equivalent  focal  length  seemed  best  adapt- 
ed, the  more  so  because  of  its  superior  driving  and  guiding 
facilities.  This  instrument  is  mounted  in  parallel  with  the 
Floyd  telescope  of  I2.5cm  aperture  and  200cm  focal  length,  and 
the  combination  is  carried  by  a  Warner  &  Swasey  mounting. 
The  Floyd  is  provided  with  a  guiding  eye-piece  with  adjustable 
electrical  illumination.  Though  of  rather  high  power,  this 
eye-piece  has  been  found  particularly  useful  in  guiding  on 
faint  objects.  In  the  case  of  this  comet,  the  intersection  of 
two  fine  cross-wires  was  the  reference-point  in  guiding. 

As  the -comet  brightened,  it  was  decided  to  make  simul- 
taneous large-scale  photographs  with  the  Floyd  telescope, 
which  may  be  adapted  for  photographic  purposes  by  reversing 
the  crown-lens.  The  focal  length  is  then  I78cm.  An  additional 
telescope  of  7cm  aperture  and  95cm  focal  length  was  added  to 
the  combination,  the  guiding  arrangements  being  transferred 
to  this  smaller  instrument. 

The  scale  of  the  negatives  reproduced  is  o°.093  per  cm 
at  the  center  of  plate,  and,  at  the  distance  (d)  in  cm  from  the 
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center,  the  scale  value  is  ]*         degrees  per  cm.   In  all  the 

copies  the  scale  of  the  original  has  been  preserved. 

In  all,  eighteen  exposures  were  made  in  a  total  of  fifty 
hours.  Eighteen  negatives  were  secured  with  the  Pierson 
camera  and  fourteen  with  the  Floyd.  The  exposure  on  any 
night  was  as  long  as  circumstances  would  allow,  ranging  from 
25  minutes  to  6  hours. 

Owing  to  uncertainties  incident  to  varying  sky  and  unequal 
exposures,  and  because  of  the  difficulty  of  assigning  any 
definite  termination  to  a  gradually  fading  comet-tail,  a  detailed 
study  of  the  changes  in  the  length  of  the  tail  is  perhaps  of  little 
interest.  The  accompanying  cuts  will  illustrate  in  a  general 
way  the  nature  of  such  changes.  With  an  exposure  of  four 
hours  on  September  3d,  the  length  of  the  tail  recorded  is 
3mm ;  on  September  25th,  2cm.  On  October  7th  the  longer  tail 
can  be  traced  for  7cm,  and  finally,  in  the  latter  part  of  October, 
it  runs  clearly  to  the  edge  of  the  plate,  a  distance  of  i6CEOf  or 
n°,  through  regions  blurred  by  aberration.  On  November 
1st,  the  tail  of  this  comet  was  certainly  more  than  sixteen 
million  miles  long. 

The  changes  in  structure  of  the  tail  between  successive 
exposures  are  most  interesting  on  the  plates  after  October 
7th.  Tn  the  case  of  the  earlier  negatives  no  clear  details  are  to 
be  expected,  on  account  of  the  faintness  of  the  tail  and  the 
changes  in  its  form  during  the  long  exposures.  The  secondary 
tail  is  clearly  seen  on  the  first  negative  of  long  exposure 
(  September  3d  ).  The  primary  tail  appears  very  nearly  straight 
on  all  the  plates  while  the  other  is  curved  and  much  shorter 
than  the  straight  tail,  though  nearly  as  bright.  \  )n  the  plate 
of  October  7th.  the  secondary  tail  is  clearly  identified  for  the 
last  time. 

The  negatives  from  October  25th  to  November  2tl,  in^ 
elusive,  show  much  interesting  detail.  The  comet  at  thai  time 
was  within  a  month  of  perihelion  passage,  and  therefore  in  very 
active  condition.  With  the  purpose  of  determining  the  ve- 
locitv  of  motion  of  any  given  point  in  the  tail  with  reference 
to  the  head,  J  have  tried  to  identify  any  condensation  or  con- 
figuration on  successive  nights,  but  so  complete  was  the  change 
in  a  dav  that  nothing  of  the  kind  was  possible. 


1902.     Nov. 


1902.     Nov.  2 
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The  plate  of  October  25th  shows  three  main  streamers,  of 
which  the  central  one  is  brightest  and  longest.  The  tail  splits  up 
into  two  streams  close  to  the  head.  The  fainter  one  is  straight, 
while  the  brighter  one  curves  away  a  little  and  divides  into  two 
straight  streamers.  On  the  following  night  the  fainter  streamer 
has  nearly  disappeared.  No  other  streamers  appear,  but  the 
main  tail  suddenly  spreads  about  3cm,  or  2°,  from  the  head  to 
six  times  its  width  near  the  coma,  and  a  rift  appears  in  the 
center  of  this  thicker  portion.  On  October  27th  several  new 
streamers  appear.  On  the  negative  of  October  31st  as  many 
as  eight  distinct  streamers  can  be  seen.  They  extend  about 
7cm  from  the  head,  while  the  main  tail  continues  i6cm  to  the 
edge  of  the  plate.  On  the  following  night  these  streamers 
have  faded,  while  on  November  2d  there  is  but  one  connected 
with  the  main  tail,  which  has  straightened  out  to  a  narrow 
bright  streamer  of  varying  width. 

On  the  earlier  negatives,  the  nucleus  is  sharp  and  clearly 
defined.  It  is  surrounded  with  a  layer  of  nebulous  mat- 
ter. As  the  comet  approaches  the  Sun,  the  nucleus  spreads, 
and  the  layer  of  nebulous  matter  seems  to  diminish  in  thickness 
while  a  heavy  fan-shaped  spray  appears  on  the  side  of  the  head 
away  from  the  Sun. 

A  table  of  exposures  appears  below.  After  September  25th, 
negatives  were  made  simultaneously  with  the  Pierson  and  Floyd 
cameras.  The  times  of  beginning  and  ending  are  expressed 
in  Pacific  standard  time: — 


Date. 

Beginning. 

End. 

•               Date. 

Beginning. 

End. 

1902. 

|              1902. 

1 

September 

1 . . 

•        12.40 

1305 

October      26 . . 

1        6.45 

8.35 

3-- 

.        I2.IO 

16.33 

27.. 

•        6-32 

8.23 

10. . 

12.08 

16.IO 

28.. 

•          6.25 

8.13 

25  • 

8.10    ! 

I2.50 

J                    29.. 

6.27 

8.07 

30-- 

11.42     1 

16.42 

3i  •• 

6.19      | 

7-54 

October 

3-- 

9.15     , 

15.00 

,  November    r . . 

l25 

7.40 

4-. 

9-26 

1525 

,|                       2 . . 

.!    6.25 

7.32 

7-- 

IO.05 

14.25 

i|                        4-- 

6.35 

715 

25- • 

7.00 

8.45 

1                        5-- 

6.37  1 

7.00 
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PLANETARY  PHENOMENA  FOR  JULY  AND 
AUGUST,  1903. 


By  Malcolm  McNeill. 


PHASES   OF   THE    MOON,    PACIFIC   TIME. 


First  Quarter,  July  i,  ih   2°,p.m. 

Full  Moon,        "  9,  9  43   a.m. 

Last  Quarter,     "  17,  11   24  a.m. 

New  Moon,       4'  24,  4  46  a  m. 

First  Quarter,    "  30,  11   15    p.m. 


Full  Moon,    Aug.  8,  i2h54n,A.M. 

Last  Quarter,    '*  15,  9  22    p.m. 

New  Moon,       '*  22,  11   31    a.m. 

First  Quarter,   "  29,  12  34    p.m. 


The  Earth  is  in  aphelion  on  the  evening  of  July  2d. 

Mercury  is  not  in  very  favorable  position  for  naked-eye 
view  during  July  and  August.  At  the  beginning  of  July  it  is 
a  morning  star,  having  passed  greatest  west  elongation  late  in 
June,  but  the  interval  between  the  rising  of  the  planet  and 
sunrise  is  only  a  little  more  than  one  hour.  The  interval 
remains  as  great  as  one  hour  until  about  the  middle  of  the 
month,  and  it  is  possible  that  the  planet  may  be  seen  in  espe- 
cially good  weather.  After  the  middle  of  the  month  the  planet 
rapidly  approaches  the  Sun,  and  passes  superior  conjunction 
July  26th.  Throughout  August  it  is  an  evening  star,  and 
toward  the  close  of  the  month  it  is  nearly  at  its  greatest  east 
elongation,  but  the  relatively  great  southern  declination  of  the 
planet  allows  it  to  remain  above  the  horizon  less  than  an  hour 
after  sunset,  and  thus  makes  the  conditions  for  visibility  de- 
cided lv  poor. 

/' ' cnus  is  still  an  evening  star,  and  reaches  its  greatest  east 
elongation.  45  30'.  <  >n  July  \)\\\  ;  hut  after  that  its  distance  from 
the  Sun  diminishes  very  rapidly,  and  by  the  end  ^i  August  it 
has  nearly  reached  inferior  conjunction.  On  July  1st  it  sets 
about  2h  ^^n  after  sunset,  on  August  1st,  ih  45'"  after,  and 
on  September  1st,  only  22m  later.  The  planet  is  now  in  that 
part  <)i  its  orbit  farthest  south  of  the  ecliptic,  and  this  con- 
tributes materially  toward  diminishing  the  interval  between  the 
setting  of  the  Sun  and  of  the  planet.  I'outs  will,  however, 
come  to  its  greatest  brightness  on  August  uth.  and  for  some 
weeks  before  and  after  that  time  will  be  visible  in  full  sunlight, 
i  1"  (lie  knows  where  t<»  look  for  it.      Mercury  and  routs  are  in 
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conjunction  on  August  28th,  with  Venus  a  little  more  than  6° 
south  of  Mercury. 

Mars  is  still  in  fair  position  for  evening  observation  in 
the  western  sky.  On  July  1st  it  sets  a  little  before  midnight 
and  two  months  later,  on  September  1st,  it  sets  shortly  after 
9  o'clock.  Its  distance  from  us  in  millions  of  miles  increases 
from  104,  on  July  1st,  to  122,  on  August  1st,  and  139,  on  Sep- 
tember 1st,  and  in  consequence  its  brightness  diminishes  more 
than  fifty  per  cent  during  the  interval ;  but  it  will  still  be  bright 
enough  to  be  rather  conspicuous  among  the  stars,  and  it  will 
not  be  at  all  difficult  to  identify.  Its  motion  among  the  stars 
during  July  and  August  is  about  320  eastward  and  130  south- 
ward from  the  western  part  of  the  constellation  Virgo  into 
Libra.  On  July  23rd  it  passes  about  three  diameters  of  the 
Moon  north  of  Spica,  a  Virginis.  On  July  1st  it  is  in  con- 
junction with  the  Moon,  and  on  the  evening  of  that  day  the 
Moon  will  pass  just  south  of  the  planet.  The  planet  will  be 
occulted  in  countries  farther  south  than  the  United  States,  and 
perhaps  in  the  extreme  southern  parts  of  this  country. 

Jupiter  is  moving  around  toward  a  position  favorable  for 
evening  observation.  It  rises  shortly  after  11  p.  m.  on  July  1st, 
and  by  the  end  of  August  shortly  after  seven.  It  is  in  the 
constellation  Pisces,  and  moves  slowly  eastward,  about  15', 
until  July  14th.  It  then  begins  to  move  westward,  and  by  the 
end  of  August  this  retrograde  motion  amounts  to  about  30.  In 
its  retrograde  motion  it  follows  a  path  a  fraction  of  a  degree 
south  of  its  eastward  path,  and  at  the  end  of  August  its  position 
is  about  the  same  as  it  was  at  the  end  of  May. 

Saturn  is  in  good  position  for  observation.  It  comes  to 
opposition  with  the  Sun  on  July  30th,  and  is  consequently  above 
the  horizon  nearly  the  entire  night  throughout  the  two  months. 
It  is  in  the  constellation  Capricorn,  and  moves  about  50  west- 
ward during  July  and  August.  Both  Saturn  and  Jupiter  are  in 
a  region  in  which  there  are  few  bright  stars. 

Uranus  is  above  the  horizon  until  late  at  night,  not  setting 
until  about  3:30  on  July  1st,  and  shortly  after  11  on  September 
1st.  It  moves  westward  until  the  end  of  August  a  little  more 
than  i°  in  Ophiuchus  between  Scorpio  and  Sagittarius,  but  no 
bright  star  is  near  enough  to  afford  an  easy  identification. 

Neptune  passed  conjunction  with  the  Sun  late  in  June,  and 
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is  now  a  morning  star,  but  until  August  it  remains  too  near  the 
Sun  to  be  easily  seen  even  with  a  good  telescope. 

August  is  the  month  for  the  Perseid  meteors,  and  the 
watcher  for  them  will  be  able  to  see  a  good  many  during  any 
clear  night,  especially  during  the  second  week  of  the  month. 


AN  APPLICATION  OF  THE  CROSSLEY  REFLECTOR 

OF   THE    LICK   OBSERVATORY   TO    THE 

STUDY  OF  VERY  FAINT  SPECTRA.* 

By  H.  K.  Palmer. 


While  engaged  in  photographing  the  brighter  nebulae  with 
the  Crossley  reflector,  the  late  Professor  Keeler  noted  the 
great  relative  photographic  brightness  of  the  central  stars  in 
the  ring  nebulae  in  Lyra  and  Cygnus — a  fact  indicating  that 
the  spectra  of  these  stars  contain  an  unduly  large  proportion 
of  actinic  rays.  He  tried  to  examine  their  spectra,  both  with  a 
direct-vision  spectroscope  and  with  a  prism  held  in  the  path 
of  the  rays,  but  in  neither  case  was  the  spectrum  bright  enough 
to  be  seen.  He  therefore  decided  to  construct  a  spectrograph 
for  the  study  of  these  objects. 

Such  an  instrument,  to  preserve  and  utilize  the  euonnou> 
advantages  of  the  silver-on-glass  rellecting  telescope  for  work 
in  the  violet  and  ultra-violet  regions,  called  for  a  design  rad- 
ically different  from  those  of  conventional  spectroscopes.  It 
would  evidentlv  he  difficult  for  a  star  near  the  limits  of  vision 
to  be  centered  and  kept  upon  a  narrow  slit  ;  the  method  c^i 
guiding  bv  means  of  a  reflecting  slit  would  not  answer;  and 
it  would  be  important  to  avoid  the  usual  losses  due  to  a  slit. 
Tlie  instrument  as  originallv  designed  consisted,  in  outline.  «»f 
a  50  quartz  prism  with  circular  aperture  of  2jnm\  placed 
directly  in  the  converging  beam  of  light  from  the  great  mirror, 
at  a  distance  of  1  5rm  inside  the  focus;  of  a  plate-holder  suitably 
placed;  and  of  a  guiding  eye-piece  working  on  the  same  prin- 
ciple as  that  employed  in  ordinary  nebular  photography. 

Director   Kkii.i.k   had   thought    that    by    placing   the   prism 

*  AbstraO  from  I. irk  Ol»--r\  at.  .ry  BiillOin  N«>.  .;  t . 
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approximately  at  minimum  deviation  for  the  ray  coinciding 
with  the  collimation  axis,  the  confusion  in  the  image,  due  to 
the  very  large  angle  of  the  cone  of  incidental  light,  would  be 
so  slight  as  not  to  interfere  with  the  qualitative  purposes  of  the 
instrument ;  especially  since  the  dispersion  would  be  small — 
only  3mm  from  A  350  to  A  500.  It  should  be  said,  however, 
that  he  had  doubts  as  to  the  success  of  this  plan,  but  felt  that  it 
would  be  well  worth  a  trial. 

The  spectograph  was  constructed  by  the  observatory  in- 
strument-maker. It  was  completed  on  the  day  Professor 
Keeler  left  Mt.  Hamilton  for  the  last  time,  about  a  fortnight 
before  his  death. 

A  few  weeks  thereafter  Dr.  Campbell  and  I  tried  the 
spectrograph,  and  found  that  the  beam  of  light  could  not  be 
brought  to  a  focus.  On  account  of  the  approaching  opposition 
of  Eros,  and  the  plans  for  completing,  if  possible,  Professor 
Keeler's  program  of  photographing  the  brighter  nebulae  dur- 
ing the  following  spring,  the  instrument  was  set  aside  until 
April,  1901. 

Director  Campbell  then  asked  me  to  design  such  changes 
in  the  instrument  as  would  permit  the  insertion  of  a  double 
concave  quartz  lens  immediately  in  front  of  the  prism,  and 
of  a  double  convex  similar  lens  immediately  behind  the  prism 
to  receive  the  refracted  rays  and  form  the  image  on  the  sensi- 
tive plate.  The  lenses  were  constructed  by  the  John  A. 
Brashear  Co.,  from  constants  supplied  by  Professor  Wads- 
worth.  These  additions  to  the  optical  train  necessitated  sev- 
eral changes  in  the  support  of  the  plate,  in  the  guiding  fixtures, 
etc.  The  alterations  were  completed  by  the  instrument-maker 
on  June  3d,  and  to  me  was  assigned  the  duty  of  testing  its 
capabilities. 

It  is  only  possible  here  to  give  a  brief  summary  of  the 
observations  and  the  conclusions  to  which  they  have  led,  re- 
ferring the  reader  to  the  original  paper  in  Lick  Observatory 
Bulletin  No.  34  for  the  details,  as  well  as  for  the  full  descrip- 
tion, of  the  apparatus,  its  adjustments,  and  the  method  of 
observing. 

As  soon  as  the  spectrograph  was  completed  and  adjusted, 
photographs  were  taken  of  the  spectra  of  various  objects  to 
find  out  for  what   work  an  instrument  of  this  kind  is  best 
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adapted ;  and  to  determine  its  limitations.  It  is  evident  that, 
because  of  the  small  dispersion,  it  cannot  as  a  rule  be  used 
to  advantage  on  the  dark-line  spectra,  but  some  stars  have  been 
photographed  with  dark  bands,  broad  enough  to  show.  This 
limits  it  very  largely  to  bright-line  spectra,  though  it  has  great 
value  for  determining  the  nature  of  very  faint  spectra  of  all 
kinds.  Moreover,  since  there  is  no  slit,  the  object  must  not  be 
so  large  that  the  various  monochromatic  images  will  overlap 
too  much,  and  this  condition  confines  the  field  to  objects  no 
larger  than  planetary  nebulae. 

Large  numbers  of  objects  having  various  spectral  types 
promised  to  yield  valuable  results ;  but  on  account  of  the  limited 
time  at  my  command,  my  program  was  confined,  with  the 
director's  approval,  to  comparatively  few  objects.  These 
included : — 

{a)  Such  planetary  nebulae  as  were  in  observing  position, 
both  for  purposes  of  comparison  with  results  reached  by  ob- 
servers using  other  instruments,  and  in  the  hope  of  discovering 
new  features  in  the  ultra-violet  region.  It  was  not  expected 
that  results  obtained  in  the  //« —  Hfi  region  of  bright  objects, 
by  observers  using  large  telescopes  and  powerful  spectroscopes, 
would  be  surpassed  or  even  equaled,  on  account  of  the  feeble 
dispersion  of  this  instrument. 

(  b)    Such  new  stars  as  were  in  observing  position. 

(O  The  central  star  in  the  ring  nebula  in  Lyra,  and  ether 
similar  stars  and  stellar  nuclei. 

{(/)    A  few  W'olf-Rayet  stars. 

Altogether,  t\\  cnty-uiie  nebular  spectra  were  photographed 
bv  me  between  June  and  September,  igni.  After  my  departure, 
Mr.  Joiii.  Stlhiuns,  bellow  in  the  Lick  Observatory,  kindly 
secured  for  me  with  the  same  instrument  some  very  good 
spectrograms  ot'  Xo:\i  .■luri^tr,  Xoz'u  Pcrsci,  and  a  Wolf-Rayet 
star. 

Examination  of  these  spectrograms  shows  that  in  general 
the  intensity  of  the  continuous  spectrum  of  the  nebube  has  a 
minimum  between  //S  and  II  y.  This  fact  is  confirmed  by 
nearly  all  the  negatives,  and  is  too  general  a  characteristic  to 
be  passed  without  notice.  It  seemed  hardly  possible  that  the 
spectrum  of  the  nucleus,  to  which  it  was  supposed  that  this 
belonged,  should  have  an  absorption  band  at  this  place,  and 
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another  explanation  was  sought.  This  was  found  by  plotting 
Dr.  Campbell's  observations  of  G.  C.  4390  on  the  same  scale, 
and  comparing  the  result  with  the  spectra  obtained  with  the 
slitless  spectrograph.  -His  observations  were  made  with  a  large 
spectroscope  attached  to  the  36-inch  refractor.  Inspection 
of  this  spectrum  showed  that  he  found  the  bright  lines  much 
fewer  in  the  region  where  the  continuous  spectrum  is  weak 
in  the  spectrograms  taken  with  the  small  instrument.  His 
observations  of  N.  G.  C.  7027  give  the  same  results.  From  this 
it  seems  safe  to  infer  that  the  apparently  greater  relative 
strength  of  my  spectrograms  in  the  Hy — HP  region  is  largely 
due  to  the  presence  of  many  faint  overlapping  bright  lines, 
whereas,  in  the  region  H% — Hy  fewer  bright  lines  exist.  A 
further  support  of  this  theory  is  afforded  by  nebulae  N.  G.  C. 
6826  and  X.  G.  C.  6891,  each  of  which  has  a  stellar  nucleus. 
In  each  case  the  spectrum  of  the  necleus  has  an  almost  uniform 
intensity  throughout  its  entire  extent. 

One  of  the  marked  advantages  of  the  reflector  and  quartz 
prism  and  lenses  over  the  great  refractor  and  glass  optical 
train  in  spectrum  observations  is  revealed  by  this  comparison. 
Even  in  the  favorable  nebula  G.  C.  4390,  Campbell's  results 
stop  at  Hi,  whereas  the  slitless  spectrograph  record  extends  to 
about  a  337. 

One  of  the  principal  purposes  of  this  investigation  was  to 
determine  the  efficiency  of  the  slitless  quartz  spectrograph 
attached  to  the  Crossley  reflector,  for  the  photography  of  very 
faint  spectra.  Its  power  in  this  respect  is  surprisingly  great. 
It  is  well  illustrated  in  the  case  of  Nova  Cygni.  The  visual 
magnitude  of  this  star  was  estimated  by  Professor  Barnard 
in  1901  to  be  15.5.  My  four-hour  exposure,  with  fair  following 
and  focus,  recorded  its  continuous  spectrum  in  good  strength, 
well  up  into  the  ultra-violet.  The  character  of  the  spectrum 
could  have  been  determined  had  the  image  been  considerably 
less  intense.  This  spectrum  may  be  relatively  stronger  in  the 
photographic  regions  than  ordinary  stellar  spectra,  though  the 
spectra  of  many  adjacent  I5th-magnitude  stars  are  recorded 
satisfactorily  on  the  same  plate.  It  would  be  perfectly  prac- 
ticable to  carry  the  exposures  up  to  ten  hours  or  more;  the 
guiding  could  be  more  accurate,  now  that  the  principal  sources 
of   the   irregularity   in    diurnal   motion   have   been    removed; 
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and  perhaps  the  more  stable  new  telescope  mounting  will 
eliminate  the  present  unfortunate  changes  in  the  focus  during 
exposures.  Considering  these  facts,  I  am  reasonably  confident 
that  this  instrument  can  record  the  continuous  spectrum  of 
the  faintest  star  visible  in  the  36-inch  telescope  under  the 
corresponding  atmospheric  conditions.  Further,  in  the  case  of 
stellar  nebulae,  etc.,  whose  spectra  contain  well-defined  bright 
lines,  I  do  not  doubt  that  the  instrument  will  record  the  prin- 
cipal bright  lines  of  objects  too  faint  to  be  seen  in  our  most 
powerful  telescopes. 

It  is  only  for  work  on  very  faint  spectra  that  this  spectro- 
graph is  efficient.  Its  dispersive  power  is  very  low,  and  it 
should  seldom  be  used  on  spectra,  or  on  those  portions  of 
spectra  bright  enough  to  be  recorded  by  relatively  longer 
exposures  writh  instruments  giving  greater  dispersion. 

For  qualitative  studies  of  general  spectral  features,  this 
spectrograph  is  efficient  on  all  spectra,  whether  continuous  or 
bright  line ;  but  for  quantitative  results  its  usefulness  is  limited 
largely  to  small  and  faint  bright-line  spectra. 

For  most  of  the  objects  observed,  a  6o°  prism,  and  for  some 
of  the  objects  two  6o°  prisms  would  have  been  an  improvement 
over  the  present  500  prism ;  requiring,  of  course,  the  recon- 
struction of  the  instrument. 

For  sonK'  of  the  stellar  bright-line  objects  a  convex  lens  of 
twice  tlie  present  lens's  focal  length  would  have  bad  an 
advantage  in  separating  close  lines  on  the  photographic  plate, 
permitting  at  the  same  time  more  accurate  determinations  of 
wave-lengths.  This  would  probably  alter  the  character  of  the 
held  of  the  combination  somewhat. 

It  is  possible  that  a  similar  instrument  on  twice  the  linear 
scale,  /.  c,  with  lenses  and  prism  having  50mm  apertures, — 
with  perhaps  a  00  prism. — would  be  efficient  and  practicable 
for  the  objects  of  medium  brightness  <»n  my  list. 

New  nebular  lines  at  ^$$7  and  A  343  were  discovered.  These 
lines  were  later  found  to  exist  in  the  spectrum  of  \07\1  J'crsci. 
from  the  plate  taken  October  14,  njni.  The  nebular  character 
of  the  Nora  spectrum  is  thus  established  for  the  extreme  ultra- 
violet region,  as  had  previously  been  done  for  the  other  regions. 

The  spectrum  of  Xora  Cy^ni,  which  in  1876  was  of  the 
usual  "new-star"  type,  and  later  changed  into  the  nebular  type, 
has  now  become  continuous,  with  no  signs  of  bright  lines. 
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The  bright  lines  in  the  nebular  spectrum  of  Nova  Auriga 
are  now  relatively  faint,  and  the  spectrum  appears  to  be 
approaching  the  continuous  type. 

These  complete  and  astonishingly  rapid  changes  of  spectral 
types  observed  in  the  cases  of  Nova  Cygtti  and  Nova  Auriga, — 
and  likewise  those  observed  in  Noi'a  Norma,  Nova  Sagittarii, 
Nova  Pcrsci,  etc., — leave  little  doubt  that  the  masses  of  these 
objects  are  small. 

All  the  new  stars  of  recent  years  should  be  reobserved  with 
this  spectrograph  every  year,  to  keep  account  of  the  progressive 
changes  in  their  spectra.  The  importance  of  carrying  out  this 
plan  can  scarcely  be  overestimated. 

The  relative  intensities  of  nebular  and  other  bright  lines, 
as  well  as  of  continuous  spectra,  are  shown  more  accurately 
on  the  plates  secured  with  this  spectrograph  than  on  those 
made  with  instruments  absorbing  the  blue  and  violet  very 
strongly. 

The  spectrum  of  the  central  star  in  the  ring  nebula  in 
Lyra  seems  to  be  not  of  an  unusual  type,  unless  perhaps  it 
contains  a  bright  line  near  A  373.  It  is  quite  possible  that  the 
star  is  somewhat  brighter  photographically  than  visually;  at 
least,  photographic  evidence  is  not  opposed  to  this  theory. 

The  great  intensity  of  the  A  373  ring  in  the  ring  nebula 
perhaps  explains  one  point  in  nebular  photography.  Professor 
Kkeler  found  that  for  most  nebulae  an  exposure  of  three  hours 
gave  the  best  results,  whereas  the  best  photograph  of  the  ring 
nebula  was  obtained  in  ten  minutes.  While  the  ring  nebula  is 
brighter  than  the  average  bright  nebula,  this  brief  exposure  of 
ten  minutes  is  out  of  proportion  to  its  visual  brightness ;  but  its 
radiation  being  mostly  in  the  ultra-violet,  it  should  have  a  some- 
what greater  photographic  than  visual  brightness. 


NOTICES   FROM  THE   LICK   OBSERVATORY,* 


Prepared  bv  Members  of  the  Staff* 

Changes  in  thl  Lick  Observatory  Staff. 

Mr.  Harold  K.  Palmkr,  Fellow  in  the  Lick  Observatory 
from  July  I,  1898*  to  July  I,  1902,  received  the  degree  of 
Doctor  of  Philosophy  from  the  University  of  California  on 
May  14,  1903.  Dr.  Palmer  holds  the  position  of  assistant 
in  the  Lick  Observatory,  with  duties  on  the  D,  O.  Mills  Expedi- 
tion to  Chile.  His  thesis  was  011  "An  Application  of  the 
Crossley  Reflector  of  the  Lick  Observatory  to  the  Study  of 
Very  Faint  Spectra/' 

Mr.  JoLL  Stkijiuns.  Fellow  in  the  Lick  Observatory  from 
July  1,  iyoi(  to  July  I,  1903,  received  the  degree  of  Doctor 
of  Philosophy  from  the  University  of  California  on  May  14, 
1903.  His  thesis  was  on  ,l  The  Spectrum  of  Otnicron  CttL" 
Dr,  Stebbins  has  been  appointed  Instructor  in  Astronomy  in 
tbe  University  of  Illinois,  in  charge  of  the  observatory  and 
department. 

The  two  theses  referred  to  above  will  be  printed  soon  as 
Lick  Observatory  Bulletins. 

Mr.  Sedastjan  Aua&ECHT  of  the  University  of  Wisconsin 
has  been  appointed  Fellow  in  the  Lick  Observatory  for  the 
year  beginning  May  it  1903. 

Mr.  Elliot  Smith  of  the  University  of  Minnesota  has  been 
appointed  assistant  in  the  Lick  Observatory  on  the  Carnegie 
Institution  foundation,  with  duties  in  the  Meridian  Circle 
Department.  \V.  W.  C. 

Mas.  Hearst's  Gift  to  Lick  Obskrvatqkw 
Mrs.  Phebe  A.  Hearst.  Regent  of  the  University  of  Cali- 
fornia, has  generously  contributed  to  the  funds  of  the  Lick- 
Observatory  for  the  present  year  in  continuation  of  her  con- 
tribution  for  the  year  1902,  This  gift  is  available  for  improv- 
ing the  equipment  of  the  observatory  at  various  points. 

W,  W.  C 


*  Lick  Astrfmomic.il  Department  of  ilic  University  of  California, 
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The*  Variable  Star  io,  1903  Lyr,e. 

In  No.  3857  of  the  Astronomiscltc  Nachrichten,  Professor 
Seeliger  announces  the  discovery  by  Herr  E.  Silbernagel 
of  a  star  near  the  ring  nebula  in  Lyra  which  is  either  variable 
or  a  Nova.  The  discovery  was  made  from  photographs  taken 
at  the  Munich  Observatory. 

The  position  of  this  star  was  sufficiently  near  to  the  ring 
nebula  to  be  on  the  negatives  of  the  latter  obtained  by  Pro- 
fessor Keeler  with  the  Crossley  reflector  in  1899.  Several 
plates  were  taken  on  July  12th,  13th  and  14th,  with  exposures 
ranging  from  30  seconds  to  two  hours.  On  all  the  negatives 
with  exposures  of  30  rninutes  and  over  10,  1903  Lyrce  is  visible 
as  a  star  of  17th  magnitude.  There  is  no  perceptible  difference 
in  brightness  on  these  plates. 

On  April  18  and  20,  1903,  two  photographs  were  secured, 
with  exposures  of  one  hour  each.  These  plates  show  this  star 
as  1 2th  magnitude. 

Photographs  of  its  spectrum  were  secured  on  April  18th, 
20th,  2 1  st,  and  24th,  with  the  small  slitless-spectrograph,  de- 
signed by  Professor  Keeler,  attached  to  the  Crossley  reflector. 
These  negatives  show  the  hydrogen  lines  H/3,  Hy,  and  HS 
to  be  bright,  together  with  bright  lines  at  A  463  and  A  446. 
There  is  a  very  strong  continuous  spectrum  extending  from 
H/3  to  above  H8,  and  a  weak  spectrum  in  the  ultra-violet. 

A  comparison  of  the  spectrum  of  this  star  with  that  of 
Nova  Gcminorum,  taken  about  the  same  time,  shows  that  the 
hydrogen  lines  and  A  463  are  of  about  the  same  relative  in- 
tensity as  in  the  Nova;  while  A  446  and  the  continuous  spectrum 
are  very  much  stronger  in  the  Lyra  star. 

A  negative  taken  on  an  isochromatic  plate  shows,  in  addi- 
tion, only  the  usual  maximum  at  A  570  which  is  characteristic 
of  ordinary  stars. 

All  of  the  facts  at  present  known  seem  to  indicate  that  the 
star  is  a  variable  of  the  well-known  type  in  which  the  hydrogen 
lines  are  bright  at  the  time  of  maximum,  rather  than  a  Nova; 
but  some  spectra  of  well-known  variables  of  the  type  referred 
to  will  be  photographed  with  the  same  instrument  for  purposes 
of  comparison.  C.  D.  P. 

May  21,  1903. 
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A  New  Star  in  Gemini.  • 

A  telegram  received  at  the  Lick  Observatory  on  March 
27th  announced  the  discovery  at  Oxford,  England,  of  a  new 
star  in  the  constellation  Gemini. 

Cloudy  weather  prevented  observations  here  until  the  night 
of  April  1st,  when  the  star  was  found  to  be  of  about  8.5 
magnitude.  Notes  on  the  photographic  and  spectrographic 
observations  will  be  found  on  another  page.  In  addition  to 
these,  micrometric  measures  were  made  connecting  the  Nova 
with  five  faint  stars  that  are  well  placed  for  detecting  any 
parallactic  or  proper  motion  it  may  have.  It  was  the  intention 
also  to  watch  the  brightness  of  the  Nova  closely,  to  see  whether 
its  light  fluctuated  as  did  that  of  Nova  Persei.  But  cloudy 
weather  interfered  so  much  with  this  part  of  the  program  that 
no  conclusions  can  be  drawn  from  the  observations.  The  star 
has  gradually  faded,  however,  and  is  now  about  10th 
magnitude.  R.  G.  Aitken. 

May  2i,  1903. 

Observations  of  Nova  Geminorum  Made  with  the  Cross- 
ley  Reflector.* 

Stormy  weather  prevented  any  observation  of  Turner's 
Nova  until  April  1st.  On  this  date  a  photograph  of  the  region 
was  secured  with  an  exposure  of  ih  4om,  as  well  as  a  number  of 
short  exposures.  XY>  traces  of  any  nebulosity  were  to  be  seen 
about  the  star,  as  in  the  case  of  X  ova  Vcrscx.  This  result  was 
not  surprising,  considering  that  in  all  probability  the  magnitude 
oi  the  outburst  was  much  less.  These  plates  showed  that 
X<>va  CiCminorum  was  considerably  brighter  photographically 
than  visually,  notwithstanding  its  reddish  color.  At  this  time 
it  was  estimated  as  of  8'  _•  visual  magnitude.  Short-exposure 
photographs  were  obtained  on  several  succeeding  nights  for 
measurement. 

The  position  of  the  Xova,  as  derived  from  two  of  these 
plates,  using  six  catalogue  stars,  is  as  follows: — 

T903.  k    A.,  19  ;,  o  Peel.,  uj«\;.t' 

April  i.      Plate   No.    129S 6h  38™  os-50  -j-  30°  2    28".; 

5-  "  r3°9 o-47  28  .7 

*  Al^traU  of  !..  (>.  liulUtiu,  N...  57. 
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A  number  of  the  faint  stars  near  the  Nova  were  measured, 
and  their  positions  follow : — 


Date 

April  5. 

Date,  April  8. 

Magnitude. 

Plate 

No. 

I3IO. 

Plate  No. 

1316. 

Star. 

P 

0 

' 

S 

P 

0 

s 

a 

IO 

o-53 

369.80 

053 

36980 

b 

13 

17.30 

IO3.OI 

16.95 

102.93 

c 

9-5 

59.88 

585-50 

59-95 

585.51 

d 

14 

104.78 

32.01 

105.05 

32.00 

e 

if 

114.05 

334  80 

11403 

334  72 

f 

15 

170.60 

i 

45-34 

169.82 

45-5' 

g 

14 

196.67 

I 

85.04 

196.55 

84.84 

h 

1 1 

219.08 

434.06 

219.10 

433-77 

i 

10 

261.62 

I 

316.68 

261.68 

316.56 

J 

94 

276.57 

465.23 

|       276.58 

465.14 

k 

13 

31405 

100.16 

313.88 

100  27 

Star/  is  B.  D.  +  3°°  13°9- 

The  spectrum  was  photographed  with  the  slitless  spectro- 
graph, with  varying  exposures  and  on  several  nights.  The 
negatives  show  the  usual  bright  lines  which  have  been  observed 
in  other  new  stars  in  their  early  history,  together  with  consid- 
erable continuous  spectrum. 

The  following  lines  were  measured  on  a  plate  taken  on 
April  2,  1903:— 


A  486 

Hfi 

Bright. 

462 

Very  bright. 

446 

Faint. 

43  + 

Hy 

Very  bright. 

410 

B8 

4  C                    it 

397 

//€ 

Bright. 

389 

Hi 

Faint. 

384 

HV 

Maximum. 

374 

Hk 

« 4 

350 

1 1 

335 

End  of  spectrum 

The  positions  384,  374,  and  350  are  the  maximum  of  what 
appear  to  be  bands  with  this  low  dispersion.  The  maxima  at 
A374  andA35o  are  near  the  positionsof  two  very  bright  lines  in 
Nova  Pcrsei,  which  were  observed  by  Dr.  Stebbins  after  the 


464  Publications  of  the 

spectrum  of  that  star  had  become  nebular.  Two  lines  at  about 
the  same  wave-lengths  were  discovered  in  some  of  the  well- 
known  nebulae  by  Dr.  Palmer.  In  Nova  Geminorum  these 
lines  are  not  yet  developed,  and  are  relatively  very  much 
weaker  than  they  were  in  Nova  Pcrsci.  As  there  are  no  early 
observations  of  this  portion  of  the  spectrum  of  Nova  Persei, 
it  is  not  possible  to  draw  any  conclusions  as  to  these  lines. 
It  seems  reasonable  to  expect,  however,  that  they  will  develop 
.along  with  the  other  nebular  lines.  C.  D.  Perrine. 

The  Spectrum  of  Nova  Geminorum, 

The  spectrum  of  Nova  Geminorum  was  observed.,  both  vis- 
ually and  photographically  at  the  Lick  Observatory,  with  a 
spectroscope  consisting  of  a  single  flint-prism  mounted  in 
conjunction  with  the  collimator  and  camera  of  the  regular 
Mills  spectrograph.  Unfortunately,  unfavorable  weather  pre- 
vented any  observations  before  April  1st,  but  after  that  date 
spectrograms  were  obtained  on  several  evenings,  both  in  the 
blue-violet  region,  and,  by  the  use  of  isochromatic  plates,  in 
the  visual  part  of  the  spectrum.  The  spectrum  consists  of 
broad,  bright  bands  with  some  continuous  spectrum.  In  its 
general  features  it  resembles  somewhat  the  spectrum  of  Nova 
Pcrsci  in  March  [901.  and  also  that  in  August  of  the  following 
Year;  probably  the  star  at  its  discovery  bad  reached  a  stage* 
in  its  development  midway  between  those  of  Nova  Pcrsci  at 
these  two  dates.  Many  of  the  bands  coincide  approximately 
with  the  lines  of  the  hydrogen  spectrum,  aud  though  a  number 
of  them  could  not  be  identified  with  hydrogen-lines,  there  was 
no  certain  trace  ^\  the  so-called  '*  nebular-lines."  except  the 
principal  line    A  5007. 

Uetween  the  date  of  the  first  spectrogram,  April  2d.  and 
that  of  the  last.  May  4th,  the  spectrum  showed  definite  changes, 
but  they  are  of  such  a  nature  that  it  cannot  be  said  whether 
or  not  thev  indicate  a  progression  toward  the  nebular  type. 

H.  M.  Reese. 

H.  J).  Cruris. 
AVt.j  GxAf/yoArw. 

The  first  opportunity  of  obtaining  a  long  exposure  on  No:  a 
Geminorum  with  the  Crossley  reflector,  occurred  on  April 
rjd.    2,vh  and   J4th,   when  a  duration   of  (V1   2</n  was  secured. 
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There  are  no  indications  of  nebulosity  about  the  Nova  on  this 
plate. 

The  spectrum  was  last  photographed  with  the  slitless  spec- 
trograph on  May  nth.  The  star  has  faded  nearly  a  magnitude 
in  the  interval,  and  the  entire  spectrum  is  weaker  in  conse- 
quence. There  is  a  slight  strengthening  at  about  the  position 
of  the  chief  nebular  line,  and  the  bands  at  A  373  and  A  350  seem 
to  be  slightly  stronger.  C.  D.  P. 

May  2i,  1903. 

Two  New  Naked-eye  Double  Stars. 

The  brighter  stars  of  the  northern  heavens  have  been 
examined  so  many  times  with  telescopes  of  all  sizes  that  one 
hardly  expects  to  find  among  them  a  double  star  that  has  not 
been  observed  before.  Two  such  stars,  however,  belonging 
to  two  very  different  classes  of  double  stars,  have  apparently 
hitherto  eluded  detection.  The  first  is  a  star  in  Coma  Berenices, 
rated  at  6.0  magnitude  in  the  Bonn  D.  M.  On  April  8,  1903,  I 
examined  this  star  with  the  12-inch  telescope  and  found  that  it 
was  attended  by  a  I2th-magnitude  companion.  One  night's 
measure  with  the  36-inch  telescope  gives  the  position-angle 
259°-7  and  the  distance  i"-35.  As  the  principal  star  has  an 
annual  proper  motion  of  o".22  in  I48°.5,  both  the  angle  and 
distance  should  increase  if  the  two  stars  are  not  physically 
connected. 

The  other  star  is  in  the  constellation  Bootis,  not  far  from 
Arcturus,  and  is  given  as  5.9  magnitude  in  the  Harvard  Pho- 
tometry. With  the  12-inch  telescope,  on  May  5,  1903,  this  star 
was  seen  to  be  a  very  close  double.  Measures  on  two  nights 
with  the  36-inch  give:  position-angle,  I99°.8;  distance,  o".2o; 
magnitudes,  6.5-6.5.    The  star  has  no  proper  motion. 

The  positions  of  these  twro  stars  for  1900.0  are,  respectively : 
R.  A.,  1311  28m  49;  Decl.,  -f  240  52';  and  R.  A.,  1411  2jm  55s; 
Decl.,  +  2f  7'.  R.   G.  Aitken. 

May  12,  1903. 

Correction  to  the  American  Ephemeris  for   1903. 

In  observing  the  satellites  of  Uranus,  it  has  been  my  prac- 
tice to  guard  against  mistaking  a  small  star  for  a  satellite 
by  computing  the  approximate  positions  of  the  satellites  for 
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the  time  of  observation  from  the -times  of  greatest  elongation 
and  position-angle  of  the  apparent  apsides  as  given  in  the 
American  Ephemeris.  Until  this  year  the  agreement  with 
observation  has  always  been  close — 1°  or  2°.  But  this  year  my 
observed  angles  are  invariably  po°  smaller  than  the  computed 
ones.  It  would  seem,  therefore,  that  the  times  of  greatest 
elongation  as  given  in  the  American  Ephemeris  for  1903  are 
systematically  in  error  by  one  fourth  of  the  periods  of  the 
satellites.  R.  G.  Aitken. 

Comet  b,  1903. 

A  telegram  from  Boston  was  received  at  the  Lick  Observa- 
tory on  the  evening  of  May  2d,  announcing  that  a  comet  had 
been  discovered  by  Grigg  at  Thames,  New  Zealand,  on  April 
17th,  and  had  been  observed  by  Tebbutt  at  Windsor,  N.  S.  W., 
on  April  26th.  The  comet  was  looked  for  here  on  the  evenings 
of  May  3d  and  4th,  but  it  was  so  near  the  horizon  at  sunset 
that  it  could  not  be  seen.  A  telegram  giving  elements  and 
ephemeris  of  the  comet  was  received  on  May  7th.  From  these 
it  appears  that  the  comet  is  moving  east  and  south  and  is 
rapidly  growing  fainter.  It  is  not  likely  to  be  visible  at  all 
from  northern  observatories. 

It  will  be  seen  that  nine  days  elapsed  between  the  time  of 
ilie  comet's  discovery  and  the  date  of  the  first  accurate  observa- 
tion, and  six  more  da}  s  were  needed  to  get  the  news  to  northern 
observatories.  These  were  unfortunate  delays,  though  pre- 
sumable unavoidable.  Had  news  <>f  the  discoverv  reached  us 
promptly  -ome  observations  of  the  comet  could  have  been 
secured  here.  R.  G.   Aitkkx. 

May  14,  I9(>;v 


REPORTS    OF    OBSERVATORIES. 


THE     LAWS     OBSERVATORY     OF     THE     UNIVERSITY     OF     MISSOURI, 
COLUMBIA,   MISSOURI. 

The  work  of  the  Department  of  Astronomy  of  the  Uni- 
versity of  Missouri  consists  of  instruction  in  the  various 
hranches  of  the  science  as  presented  to  the  students  of  the 
University,  and  in  the  prosecution  of  such  observations  as  can 
be  made  satisfactorily  with  the  equipment  of  the  Laws  Ob- 
servatory. 

The  principal  instrument  of  the  observatory  is  a  73/2-inch 
equatorial,  constructed  by  Merz  &  Sons  about  1848.  The 
objective  is  of  fair  quality,  although  the  glass  entering  into 
it  is  somewhat  defective.  The  mounting  is  of  the  original 
Fraunhofer  design,  with  the  slight  modification  introduced  by 
Merz,  and,  though  inconvenient,  and  in  some  respects  defective, 
the  instrument  is,  nevertheless,  serviceable  for  many  kinds  of 
observations.  The  driving-clock,  fitted  with  a  Fraunhofer 
governor,  is  of  the  type  found  upon  all  the  Munich  instruments 
of  that  period.  Until  recently  the  telescope  has  been  supported 
by  a  wooden  framework  which  stood  upon  a  brick  pier  terminat- 
ing two  feet  below  the  floor  of  the  equatorial-room.  The 
wooden  support  has  been  replaced  by  a  cast-iron  column,  which 
gives  the  instrument  a  thoroughly  stable  foundation.  The 
lower  sections  of  the  column  were  obtained  from 'Warner  & 
Swasey,  and  are  a  part  of  their  standard  8-inch  equatorial 
mounting.  The  pier-head  casting  was  constructed  from  designs 
and  patterns  made  in  the  shops  of  the  University.  The  instru- 
ment is  fitted  with  a  micrometer  of  the  Fraunhofer  type  and 
with  an  excellent  modern  micrometer  by  Saegmuller. 

The  telescope  is,  in  a  sense,  an  historic  instrument,  as  will 
be  seen  from  the  following  extract  from  the  University  of 
Missouri  Catalogue  for  1884-1885: — 

"  This  telescope  was  ordered  in  1848  from  the  establishment  of 
Merz  &  Mahler,  *  of  Munich,  for  the  use  of  Shelby  College,  Shelby- 
ville,  Kentucky.  It  was  received  at  Shelbyville  in  November,  1850, 
and  cost,  when  mounted,  $4,000.  It  was  mounted  under  the  direc- 
tion of  Prof.  Joseph  Winlock,  and  used  by  him  while  he  was  a 
professor  in  that  institution.     After  Prof.  Winlock  went  to  Cam- 


*Thc  telescope  bears  the  inscription:  Merz  u.  S<"»hne  in  Mfinchen. 
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bridge,  Mass.,  he  borrowed  this  telescope,  and,  in  connection  with 
Dr.  B.  A.  Gould,  established  there  the  Cloverdon  Observatory.  In 
Loomis's  Recent  Progress  of  Astronomy,  the  following  statement  is 
made  respecting  this  instrument,  which  was  then  the  fourth  in 
magnitude  in  the  United  States: — 

"  '  The  great  telescope  belonging  to  Shelby  College  was  loaned 
to  Prof.  Joseph  Winlock,  and  was  removed  to  Cambridge,  Massa- 
chusetts, where  temporary  accommodations  were  provided  for  it, 
and  this  establishment  is  known  by  the  name  of  Cloverdon 
Observatory.'  .  .  .  '  Numerous  observations  on  comets,  and  on 
some  of  the  newly-discovered  planets,  have  been  made  with  this 
telescope  by  Dr.  B.  A.  Gould  and  Prof.  Joseph  Winlock,  some  of 
which  have  been  published  in  Gould's  Astronomical  Journal,  This 
great  telescope  has  recently  been  returned  to  Shelby  College.' 

"  In  1869  Prof.  Winlock,  who  was  then  Director  of  the  Observa- 
tory of  Harvard  College,  went  with  his  assistants  to  Shelbyville, 
Kentucky,  and  there  used  this  telescope  in  observing  the  total 
eclipse  of  the  Sun.  which  occurred  on  the  7th  of  August  of  that 
year." 

During  the  past  year  considerable  additions  to  the  equip- 
ment of  the  observatory  have  been  made  through  various 
purchases.  A  Pickering  stellar  photometer  by  the  Alvan  Clark 
&  Sons  Corporation,  and  a  disk  photometer  by  Brashear  have 
been  obtained.  The  latter  is  to  be  used  for  testing  purposes ; 
the  former,  for  systematic  observations  of  variable  stars.  The 
Observatory  has  been  re-wired  for  electrical  connections,  and  a 
iK'\v  and  .simplified  switch-board  has  been  introduced.  Con- 
siderable quantities  <>f  minor  apparatus,  such  as  sextants, 
artificial  horizons,  testing  instruments,  batteries,  etc..  have  aKo 
been  acquired. 

Since  September.  loot,  the  time  has  been  occupied  nr>stlv 
in  a  reorganization  <>f  the  observatory  and  in  the  accomplish- 
ment of  certain  administrative  details.  The  library  has  been 
increased  through  s^ifl  by  about  noo  books  and  pamphlets,  and. 
through    purchase,   by   seventy-seven    volumes. 

Since  September,  H/u,  53  observations  of  comets  have  been 
made.  Of  this  number.  32  were  of  Comet  b  1002,  5  were  of 
Comet  (/  \\)()2.  and  n>  of  Comet  a  i'^\v  Thirty  of  the  observa- 
tions of  Comet  /'  U)o2,  together  with  an  orbit  based  upon 
intervals  of  Jo  and  _>S  days,  have  been  published  and  distributed 
in  Caws  Observatory   liullelin    Xc    I. 

I\    11.   Skakks. 
Pro/'t's^oi-  of '  Asfrttfioniy  and  Pirator  of  the  I.a:os  ()b>ei-:ato<  y. 
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ALLEGHENY    OBSERVATORY. 

The  present  staff  of  the  Observatory  is  constituted  as  fol- 
lows:  F.  L.  O.  Wadsworth,  Director;  Frank  K.  Bailey,  As- 
sistant; Alice  E.  Davis,  Secretary  and  Assistant.  At  present 
Mr.  Bailey's  time  is  devoted  almost  exclusively  to  the  main- 
tenance of  the  time  service;  Miss  Davis  has  been  engaged  in 
library  and  general  correspondence  work,  and  has  also  rendered 
very  efficient  service  as  a  computer. 

The  new  observatory  building  still  remains  unfinished,  and 
a  considerable  part  of  the  coming  year  must  elapse  before  the 
books  and  instruments  can  be  transferred  to  it  from  our  pres- 
ent site. 

Very  little  progress  has  likewise  been  made  in  getting  ready 
the  equipment  of  the  new  building.  The  only  points  of  interest 
in  this  connection  are  the  following: — 

( 1 )  The  disks  of  the  30-inch  refractor,  which  were  or- 
dered of  Mantois  in  June,  1899,  were  received  from  him  on 
February  19th  of  the  present  year.  Both  disks  are  beautifully 
clear  and  transparent,  and,  as  far  as  can  be  determined  by  pre- 
liminary tests,  of  first-class  optical  quality.  The  constants  of 
both  the  flint  and  crown  glass  have  been  accurately  determined 
and  carefully  studied  by  Professor  Hastings,  who  has  sub- 
mitted several  alternative  designs  of  optical  construction.  The 
final  type  has  not,  however,  been  definitely  decided  upon. 

(2)  The  IVestinghouse  Electrical  Equipment. — After  care- 
ful consideration  of  the  plans  of  electrical  equipment  and 
proposed  research  work  of  the  electrical  laboratories,  Mr. 
Westinghouse  most  kindly  and  generously  volunteered  to 
practically  double  the  amount  of  his  original  gift,  in  order  to 
more  fully  provide  for  these  purposes.  As  now  provided,  the 
generating  plant  will  consist  of  two  37  J/2 -kilowatt  dynamos, 
directly  connected  each  with  a  50  H.  P.  triple  cylinder  Westing- 
house  gas-engine.  The  dynamos  will  be  specially  built  to  give 
either  direct  or  alternating  currents.  As  D.  C.  machines  they 
can  be  connected  in  multiple  to  give  a  current  of  600  amperes 
at  125  volts,  or  in  series  to  give  a  current  of  300  amperes  at  250 
volts.  As  alternators  they  will  furnish  a  corresponding  current 
at  a  mean  E.  M.  F.  of  90  volts  and  1,800  cycles  per  minute, 
which  can  be  transformed  by  step-up  transformers  to  any 
voltage  desired   for   induction   coil  and  high  potential  spark 
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discharge  work,  or  by  step-down  transformers  to  furnish  a 
low  voltage  current  of  several  thousand  amperes  for  electric 
furnace  work.  In  this  experimental  work  the  low  rate  of 
alternation,  while  unsuitable  for  electric  lighting,  is  in  many 
cases  a  decided  advantage. 

In  addition  to  these  generators,  the  plant  will  also  contain  a 
rotary  transformer  of  5  K.  W.  capacity,  which  can  be  used  to 
give  alternating  currents  of  a  higher  rate  of  frequency,  i.  e. 
7,200  cycles  per  minute,  if  desired.  This  can  be  driven  either 
directly  from  one  of  the  main  generators  or  from  a  storage 
battery.  The  final  plans  contemplate  the  installation  of  a  stor- 
age battery  of  at  least  100-kilowatt  hours  capacity,  so  that  using 
both  generators  and  storage  battery  in  multiple,  currents  of  at 
least  1,000  amperes  at  100  volts,  or  10,000  amperes  at  10  volts, 
may  be  obtained  for  short  intervals  for  experimental  work.  At 
present,  however,  this  storage  battery  is  not  provided  for. 

With  the  generous  assistance  and  active  co-operation  of  two 
of  the  members  of  our  Visiting  Committee,  funds  were  secured 
for  the  erection  of  the  power-house  during  the  latter  part  of  the 
year.  The  building,  which  has  been  erected  by  Beunte  & 
Martin,  is  now  neaiing  completion.  It  is  entirely  of  concrete, 
with  Rerea  stone  facings  similar  in  general  design  to  the  main 
observatory  building.  At  present  only  one  story  has  been 
erected,  the  roof,  which  is  flat  and  of  heavy  concrete  construc- 
tion, being  on  a  level  with  the  ground  about  the  main  building. 
The  northern  front  faces  on  the  proposed  park  road,  and  a 
llight  of  stone  steps  of  plain  but  handsome  design  leads  from 
the  lower  terrace  level,  along  which  the  road  runs,  to  the  upper 
terrace  level  about  the  main  building. 

(  3  )  The  construction  of  the  new  clocks  for  the  Observatory 
has  been  intentionally  postponed  until  some  experiments  now 
in  progress  elsewhere  have  been  completed,  and  until  the  new 
building  is  ready  for  their  reception.  There  is  no  place  at  the 
present  observatory  where  further  experimental  work  on  the 
various  questions  connected  with  the  final  design  of  these 
clocks  can  be  advantageously  carried  on.  and  no  place  where 
thev  could  be  installed  even  if  finished. 

(4)  The  contract  for  the  lxeeler  Memorial  Telescope,  both 
optical  parts  and  mountings,  was  let  to  the  John  A.  Brashear 
Company.  January  24.  T<)02.     The  disks  for  the  30-inch  specu- 


Astronomical  Society  of  the  Pacific  17 J 

lum  and  the  18-inch  and  12-inch  flats  for  the  attached  ccelostat 
and  polar  heliostat  were  received  on  March  26th,  and  have 
been  roughed  out  and  fined  ready  for  the  final  polishing  and 
figuring.  The  two  observing  floors  for  the  instrument  have 
been  erected  and  the  heavy  cast-iron  piers  delivered  at  the 
observatory,  but  have  not  yet  been  placed  in  position.  I  regret 
to  report  that  very  little  work  has  been  done  on  the  mounting 
itself,  but  this  is  now  being  pushed  more  rapidly. 

(5)  The  principal  optical  parts  of  the  Porter  10-inch  grat- 
ing spectroscope  have  been  begun,  but  no  work  has  been  done 
on  the  mounting. 

(6)  The  two  small  domes  have  been  erected  and  wood- 
sheathed,  but  not  yet  covered  with  metal.  The  form  of  run- 
ning gear  originally  designed  for  these  domes  was  changed  by 
the  Observatory  Committee  after  the  contract  for  the  steel 
work  was  let.  This  change  in  the  former  involved  other 
changes  in  the  latter,  which  have  somewhat  delayed  the  con- 
struction and  erection  of  the  domes,  and  which  have  prevented 
the  carrying  out  of  certain  special  features  of  the  control  and 
operation  of  the  smaller  dome  that  from  the  standpoint  of  the 
astronomer  seemed  most  desirable.  This  is  to  be  regretted,  as 
experience  has  conclusively  shown  that  convenience  and  ease 
of  operation  of  the  instrument  and  its  accessories  is  a  prime 
requisite  to  efficiency  in  modern  observational  work  of  a 
spectroscopic  and  astrophotographic  character. 

No  changes  have  been  made  in  the  present  observatory 
building  or  its  equipment  during  the  past  year.  As  has  al- 
ready been  stated,  it  is  unsuited  for  any  experimental  or  ob- 
servational work.  Even  the  rooms  used  for  offices  and  library 
are  becoming  unsuitable  for  further  occupancy. 


GENERAL    N  OTES. 


William  Harkness. —  For  the  following  account  of  the 
late  Professor  Harkness  we  are  indebted  to  one  of  his  life- 
long friends  and  colleagues: — 

William,  son  of  James  and  Jane  (Weild)  Harkness, 
was  born  at  Ecclefechan,  Scotland,  December  17,  1837.  His 
parents  were  natives  of  Scotland,  and  came  to  New  York  in 
May,  1839.  The  father  was  a  Presbyterian  clergyman  and  also 
a  physician  of  the  homeopathic  school. 

During  his  boyhood  William  lived  in  New  York  City  and 
in  Fishkill,  N.  Y.,  and  attended  the  Chelsea  Collegiate  Institute 
in  New  York,  and  private  schools  in  Fishkill  Landing  and  New- 
burgh,  N.  Y.  He  entered  Lafayette  College  in  1854,  but,  owing 
to  the  removal  of  his  parents  to  Rochester,  N.  Y.,  he  became  a 
student  in  Rochester  University  in  1856,  graduating  there  with 
the  degree  of  A.  B.  in  1858.  From  Rochester  he  received  the 
degree  of  A.  M.  in  1861,  and  that  of  LL.D.  in  1874.  From 
Lafayette  he  received  the  honorary  degree  of  A.  M.  in  1865. 
He  was  a  reporter  in  the  New  York  Legislature  in  1858  for  the 
.■llbany  sltlas  and  .Ir^us;  and  in  the  Pennsylvania  Senate,  in 
1860,  fur  the  Ilarrishitrg  Jhuly  Telegraph.  The  skill  acquired 
in  this  work  as  a  stenographer  was  of  great  service  to  him 
throughout  his  active  life,  lie  studied  medicine  and  graduated 
from  the  \e\v  York  Homeopathic  Medical  College,  receiving 
the  degree  of  M.  D.  in   1862. 

(  )n  August  1,  1 86 j,  he  was  appointed  an  "aid"  at  the 
Cnited  States  Xaval  Observatory.  After  the  second  battle  of 
Hull  Run,  August  30,  1862,  he  volunteered  as  a  medical  man  to 
assist  in  the  relief  of  the  wounded. 

On  August  24,  1863,  he  was  appointed  a  Professor  of 
Mathematics  in  the  Cnited  States  Navy,  with  the  relative  rank 
of  Lieutenant-Commander,  to  rill  a  vacancy  caused  by  the  death 
of  Prof.  JosKrn  llrmiAku.  During  Rakly's  attack  on  Wash- 
ington, July  11-12,  1864,  he  served  as  a  volunteer  surgeon. 

From  October  17,  1865,  to  June  28,  1866,  he  was  attached  to 
the  Cnited  States  monitor  Monuihun'k  for  the  purpose  o\  ob- 
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serving  the  behavior  of  her  compasses  under  the  influence  of 
the  heavy  iron  armor  of  the  vessel.  During  this  period  the 
Monadnock  made  the  trip  from  Philadelphia  around  Cape 
Horn  to  San  Francisco,  and  Professor  Harkness  made  ob- 
servations to  determine  the  terrestrial  magnetic  declination, 
inclination,  and  horizontal  force  at  the  principal  posts  on  the 
route.  The  observations  and  the  discussion  of  the  results  were 
published  by  the  Smithsonian  Institution  in  1871,  a  quarto 
volume  of  225  pages,  under  the  title,  "Observations  on  Terres- 
trial Magnetism  and  on  the  Deviation  of  the  Compasses  of  the 
United  States  iron-clad  Monadnock  during  her  cruise  from 
Philadelphia  to  San  Francisco  in  1865  and  1866,  by  William 
Harkness,  M.  D." 

On  returning  to  Washington  he  was  attached  to  the  Hydro- 
graphic  Office  from  October  14,  1866,  to  October  1,  1867,  and 
to  the  Naval  Observatory  from  October  1,  1867,  to  May  30, 
1874. 

On  August  7,  1869,  he  observed  the  total  solar  eclipse  at 
Des  Moines,  Iowa,  and  at  that  time  discovered  the  now  well- 
known  Coronal  line  K  1474. 

On  December  22,  1870,  he  observed  the  total  solar  eclipse 
at  Syracuse,  Sicily,  and  early  in  1871  visited  several  of  the 
principal  observatories  in  Europe. 

On  November  13,  1871,  he  was  appointed  one  of  the  origi- 
nal members  of  the  Transit  of  Venus  Commission,  and  was 
principally  employed  with  other  members  of  the  Commission 
in  arranging  for  the  observations  of  the  transits  of  December 
9,  1874,  and  of  December  6,  1882.  From  November,  1871,  to 
the  time  of  his  detachment  from  the  Observatory  in  1874,  he 
did  but  little  observing  but  devoted  most  of  his  time  to  work 
of  the  Transit  of  Venus  Commission.  Professor  Harkness 
Avas  formally  detached  from  the  Observatory  on  May  29,  1874, 
and  did  not  resume  his  connection  with  astronomical  work 
at  the  Observatory  for  twenty  years. 

He  was  in  charge  of  the  Transit  of  Venus  party  at  Hobart, 
Tasmania,  where  the  weather  on  December  9,  1874,  was  favora- 
ble for  good  observations.  On  June  22,  1875,  he  was  ordered  to 
the  Observatory  for  service  with  the  Transit  of  Venus  Com- 
mission in  connection  with  the  reduction  of  the  observations  by 
the  different  observing  parties. 
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For  the  purpose  of  utilizing  the  photographs  taken  by  these 
parties  Professor  Harkness  devised  a  measuring  engine  for 
determining  with  sufficient  accuracy  the  relative  positions,  on  tie 
plate,  of  the  centers  of  the  Sun  and  /  'en  us.  About  this  time  he 
designed  an  attachment  to  a  spherometer  caliper  for  measuring 
the  figure  of  pivots  of  astronomical  instruments. 

He  observed  the  Transit  of  Mercury  on  May  6,  1878,  at 
Austin,  Texas ;  and  the  total  solar  eclipse  of  July  29,  1878,  at 
Creston,  Wyoming.  He  also  edited  the  volume  containing 
the  reports  of  the  observations  of  the  1878  eclipse.  In  1880 
and  1881  the  photographic  observations  of  the  Transit  of 
Mercury  were  reduced  under  his  supervision. 

About  this  time  he  was  engaged  with  others  in  making 
experiments  to  determine  the  best  form  of  apparatus  for  photo- 
graphing the  solar  corona  during  total  eclipses. 

In  1881-83  he  did  some  work  on  the  reduction  of  Gillisss 
Zones,  observed  at  Santiago,  Chile,  in  1849-52. 

For  some  time  previous  to  1882  he  was  employed,  under 
the  direction  of  the  Transit  of  Venus  Commission,  in  making 
preparations  for  observing  the  transit  of  Venus  on  December 
6th  of  that  year.  He  observed  the  transit  of  Venus  from  the 
grounds  of  the  Naval  Observatory  in  Washington  and  was 
afterwards  assigned  to  the  duty  of  reducing  all  the  observations 
made  bv  the  parties  organized  under  the  Transit  of  Venus 
Commission.  In  about  six  years  the  result  from  the  photo- 
graphic observations  was  reached  and  a  brief  statement  was 
published  in  a  report  to  the  Secretary  of  the  Navy. 

From  1888  to  1891  he  wa>  principally  occupied  with  his 
work  on  "The  Solar  Parallax  and  its  Related  Constants." 
which  was  printed  in  1891.  From  1 89 1  to  1894  he  was  engaged 
in  miscellaneous  work,  some  of  it  relating  to  the  building  of 
the  new  Naval  Observatory  and  the  construction  of  some  of 
the  new  instruments. 

On  October  21.  1892.  hu  was  appointed  chief  astronomical 
assistant  to  the  Superintendent  of  the  Naval  Observatory  and 
on  September  21.  18(^4,  he  was  appointed  Astronomical  Director 
of  the  Observatory  with  general  supervision  of  all  the  astro- 
nomical work.  On  June  30,  1897,  he  was  appointed  Director 
of  the  American  Fphemeries  and  Nautical  Almanac,  and  he 
retained  both  these  offices  until  his  retirement  for  age,  De- 
cember 17,   i8gg.  with  the  rank  of  Rear- Admiral. 
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Professor  Harkness  published  many  scientific  papers  and 
was  a  member  of  a  number  of  scientific  societies. 

He  was  a  founder  and  at  one  time  President  of  the  Cosmos 
Club  in  Washington,  a  President  of  the  Philosophical  Society 
of  Washington,  Vice-President  of  the  American  Association 
for  the  Advancement  of  Science  in  1881  and  1885,  and  Presi- 
dent of  the  same  society  in  1893. 

His  principal  public  addresses  were : — 

Vice-Presidential  address  before  Section  A,  American  Associa- 
tion  for  the   Advancement  of  Science,  on  "Transits  of  Venus"; 

Presidential  address  in  1887  before  the  Philosophical  Society  of 
Washington,  on  "  The  Progress  of  Science  as  Exemplified  in  the 
Art  of  Weighing  and  Measuring"; 

Presidential  address  in  1894  before  the  American  Association 
f<»r  the  Advancement  of  Science,  on  "The  Magnitude  of  the  Solar 
System." 

During  Professor  Harknkss's  service  at  the  Naval  Ob- 
servatory, from  1862  to  1874,  he  worked  as  an  observer  with 
the  Prime  Vertical  Transit,  the  Mural  Circle  and  the  Transit 
Circle.  He  had  charge  of  the  latter  instrument  from  January 
1,  1870,  to  May  29,  1874.  As  an  observer,  he  was  methodical, 
painstaking,  and  especially  careful  in  regard  to  the  most  minute 
details.  A  duly  formulated  regulation  always  received  his  pro- 
found respect. 

Soon  after  1871  his  health  seemed  to  demand  special  care, 
and  from  that  time  until  his  detachment  in  1894  he  did  very 
little  observing. 

His  principal  work  from  1874  to  1894  was  with  the  Transit 
of  Venus  Commission  and  after  the  transit  of  1882  he  had 
charge  of  all  the  reductions.  The  general  government  spent 
large  sums  of  money  in  fitting  out  the  various  observing  parties 
in  1874  and  1882  and  many  thousands  of  dollars  in  measuring 
the  photographic  plates  and  in  making  the  necessary  reductions. 
Much  interest  was  felt  among  astronomers  in  regard  to  the 
deduced  value  of  the  solar  parallax  and  the  Commission  author- 
ized and  urged  a  speedy  reduction  of  the  work.  In  1889  a 
brief  report,  announcing  the  value  of  the  solar  parallax  as 
found  from  the  measures  of  the  photographic  plates,  was 
printed  but  no  further  progress  has  been  made.  The  value  of 
the  parallax  from  the  telescopic  observations  of  the  four  con- 
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tacts  has  not  been  computed  nor  have  the  reports  of  the  ob- 
servers been  printed. 

For  many  years  much  dissatisfaction  had  existed  among  the 
astronomers  of  the  country  with  the  management  of  the  Naval 
Observatory,  the  only  government  institution  of  its  kind. 
Many  efforts  had  been  made  to  secure  a  competent  astronomer 
for  superintendent  but  without  success. 

Soon  after  the  observatory  was  moved  to  Georgetown 
Heights  the  pressure  from  astronomers  outside  of  Washing- 
ton became  so  great  that  it  was  deemed  politic  to  make  an  ap- 
parent concession  to  the  demand,  and  the  position  of  Astro- 
nomical Director  was  created  by  order  of  the  Secretary  of  the 
Navy.  By  the  terms  of  that  order  the  entire  astronomical  work 
of  the  observatory  was  placed  under  the  supervision  of  the 
Director,  but  he  had  no  adequate  control  of  the  personnel.  In 
reality  the  order  bestowed  the  maximum  of  responsibility  and 
the  minimum  of  power. 

The  selection  of  the  proper  person  for  Director  was  not  an 
easy  task.  To  many  of  the  available  officers  it  was  a  very  un- 
desirable berth.  Finally  it  was  accepted  by  Professor  Hark- 
ness,  against  the  advice  of  friends,  and  he  assumed  the  duties 
with  the  firm  belief  that  the  complete  success  of  the  new  de- 
parture was  assured. 

To  that  end  ho  labored  with  great  zeal,  devoting  his  whole 
time  and  strength  to  the  cause. 

The  magnitude  of  the  undertaking  and  its  probable  failure 
were  soon  apparent,  but  to  the  day  of  his  retirement  he  worked 
and  hoped  for  ultimate  success. 

After  he  left  the  Observatory  the  office  was  continued  but 
a  little  more  than  a  year. 

The  work  of  Astronomical  Director  and  as  Director  «>f  the 
Nautical  Almanac  had  already  begun  to  affect  seriously  his 
constitution  and  when,  in  January.  i<joo.  he  attempted  to  take 
up  again  some  portions  of  the  unfinished  Transit  of  f'rnus 
work  he  was  unable  to  recognize  the  meaning  of  the  forniuke 
with  which  he  had  been  so  familiar  but  five  years  before.  At- 
tributing this  failure  to  nervous  prostration  he  went  to  his 
home  in  Jersev  City  where  he  hoped  that  a  few  weeks  of  rest 
would  completely  restore  his  health.  There  his  condition 
changed  but  little  until  Februarv,  10.03. 
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Occasionally  some  slight  improvement  would  occur  but  it 
would  be  of  short  duration,  and  he  was  unable  to  do  any  mental 
work  beyond  writing  a  short  letter. 

On  February  18th  it  was  manifest  that  Bright's  disease  had 
developed.  Its  progress  was  rapid ;  and,  happily  forgetting  his 
worries  and  struggles,  he  passed  on  peacefully  on  the  after- 
noon of  February  28,  1903. 


Spiral  Neb  nice. — Sir  Robert  Ball  in  his  lectures  on 
"Astronomical  Problems/'  in  London  recently,  drew  attention 
to  the  spiral  form  of  many  of  the  great  nebulae.  Professor 
Keller,  he  remarked,  had  during  his  lifetime  attempted  to 
make  a  chart  of  the  sky  by  means  of  photographs  taken  with 
the  great  Crossley  reflector  at  the  Lick  Observatory.  For  this 
purpose  he  divided  the  sky  into  sections,  and  had  intended  to 
photograph  each  in  turn.  This  task  he  did  not  accomplish ; 
but  whereas  before  his  investigation  began  the  number  of 
known  nebulae  was  about  8,000,  his  investigation  left  this 
number  multiplied  to  at  least  120,000.  Now,  there  were  nebulae 
and  nebulae;  they  differed  as  one  star  differs  from  another  in 
glory;  their  variety  was  infinite.  They  might  be  divided  into 
young  nebulae  and  adult  nebulae.  Professor  Keeler  found  that 
half  the  nebulae  of  the  sky  were  spiral  nebulae,  and  presented  us 
with  the  astonishing  fact  that  next  to  a  fixed  star  the  spiral 
nebula  was  the  most  characteristic  object  of  the  sky.  The 
spiral  nebula  was  to  be  regarded  as  an  adult  nebula,  because 
Sir  William  Huggins's  beautiful  spectroscopic  method  re- 
vealed to  us  that  its  spectrum  was  a  continuous  spectrum,  and 
that  therefore  the  nebula  was  no  longer  a  mere  chaos  of  in- 
candescent gas,  but  had  begun  to  condense  down  into  something 
more  approaching  substance.  The  evolution  of  the  chaos  of  gas 
into  a  spiral  proceeded  solely  from  the  mutual  action  of  its  parts. 

Andrew  Greig. 


Source  of  the  Sun's  Heat. — In  another  lecture  Sir  Robert 
Ball  considered  the  sources  of  the  heat  of  the  Sun.  He  re- 
viewed the  theory  of  Helmholtz.  According  to  this  theory, 
the  Sun  is  shrinking.  It  shrinks  sixteen  inches  in  diameter 
daily ;  it  has  been  shrinking  daily  ever  since  it  was  a  great  gase- 
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ous  nebula,  extending  over  a  mill ionf old  greater  extent  of 
space.  Now,  the  molecules  of  a  body — we  may,  for  clearness, 
think  of  a  gaseous  body  and  of  the  molecules  of  a  gas — are 
in  constant  vibration  while  the  body  is  radiating  heat.  If  heat 
is  added  to  the  body,  the  rapidity  of  the  motion  of  the  molecules 
increases.  Conversely,  if  the  rapidity  of  the  movement  of  the 
molecules  increases,  more  heat  is  given  out.  The  falling  in  of 
the  Sun's  circumference  due  to  the  sixteen  inches  of  daily 
shrinking  gives  these  molecules  some  distance  to  fall.  It  is  not 
a  great  distance,  but  there  are  a  great  many  molecules.  Their 
motion  is  increased  by  their  daily  drop  of  sixteen  inches. 
Consequently,  this  addition  to  their  velocity  adds  to  their  heat, 
and  thus  by  the  Sun's  shrinking  the  supply  of  radiated  heat  is 
lifted  towards  the  level  of  the  expenditure.  But  the  lecturer 
proceeded  to  show  that  this  is  not  a  complete  or  a  completely 
satisfactory  explanation.  We  may  take  it  that  in  shrinking  from 
its  nebulous  form  down  to  its  present  dimensions  the  Sun  has 
given  out  heat  equivalent  to  about  3,400  times  its  own  mass  in 
coal.  Each  coal  unit  would  have  lasted  the  Sun  2,800  years. 
If  we  continue  this  calculation,  and  seek  to  find  the  number  of 
coal  units  that  the  Sun  will  have  consumed  between  the  time  it 
was  a  gaseous  nebula  and  the  time  when  it  shall  become  a  solid 
body  as  dense  as  the  densest  substance  known, — platinum, — we 
find  that  it  will  have  consumed  S.^oo  coal  units.  In  other 
words,  roughly  speaking,  j4.ono.nuo  years  will  have  elapsed. 
Hut  J4. 000, unn  vear>  between  the  Sun's  gaseous  nebulous  state 
and  the  state  in  which  it  will  become  at  lca^t  as  cold  as  the 
Karth  is  now.  and  cease  practically  to  give  out  heat  at  all.  is  not 
enough.  We  know  bv  various  considerations  that  this  estimate 
is  too  small,  and  therefore  there  must  be  other  possible  sources 
of  the  Sun's  heat.  What  other  sources  were  there?  The  fall 
of  meteors  into  the  Sun  had  been  suggested  :  but  it  was  shown 
bv  a  simple  calculation  that  the  quantity  of  meteors,  traveling 
at  400  miles  a  second,  which  would  have  to  fall  into  the  Sun 
each  dav  to  keep  up  its  heat  would  have  to  be  equivalent  in 
mass  to  the   Moon. 

Kinallv,  Professor  Pall  considered  another  point.  The 
Karth  received  heat  from  thr  Sun,  but  the  Sun  was  radiating 
heat  everywhere.  If  a  spectator  on  the  Sun  compared  the 
space  in  the  heavens  occupied  by  the  Karth  with  that  occupied 
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by  the  Great  Nebula  in  Orion,  he  would  find  that  the  Earth 
occupied  only  one  two-hundred-thousandth  part  as  much  space 
as  the  Orion  nebula.  Therefore,  we  had  this  fact,  that  the 
Great  Nebula  in  Orion,  though  it  was  a  million  times  farther 
from  the  Sun  than  we  were,  was  receiving  200,000  times  as 
much  heat  a  day.  Now,  there  were  visible  to  our  telescopes 
perhaps  about  120,000  nebulae — all  giving  out  heat,  as  the 
Sun  had  been  for  ages  giving  out  heat,  and  all  of  them  sending 
out  heat  in  all  directions.  If  the  nebulae  of  the  sky  had  all 
received  heat  from  the  Sun,  then — and  here  was  the  point — 
the  solar  nebula  had  received  heat  from  the  stars  in  its  turn. 

Andrew  Greig. 

The  Age  of  the  Sun. — Sir  Robert  Ball  in  his  concluding 
lecture  at  the  Royal  Institution,  London,  dealt  with  the  problem 
of  the  age  of  the  Sun,  if  it  were  assumed  that  the  Sun  and  its 
planets  had  been  evolved  from  a  nebula.  He  showed  the 
mathematical  reasoning  by  which  it  is  proved  that  no  ray  of  the 
Sun  can  ever  escape  to  infinity.  If  we  supposed  the  universe 
to  be  split  up  into  cubes  with  sides  a  billion  miles  long,  a  billion 
miles  being  the  distance  of  the  nearest  fixed  star,  and  if  at  the 
corner  of  each  of  these  cubes  were  placed  something  no  larger 
than  a  molecule,  no  larger  even  than  an  "electron,"  then  all 
the  rays  of  the  Sun  would  be  stopped  within  a  finite  distance. 
It  would  require  the  universe  to  be  peopled  with  matter  no  more 
thickly  than  an  electron  to  a  billion  cubic  miles  to  capture  every 
ray.  Now,  let  the  Great  Nebula  in  Orion  be  considered.  That 
nebula  caught  and  stopped  one  ten-thousandth  part  of  the  rays 
of  the  Sun;  and  if  the  stars  above  the  tenth  magnitude  be 
reckoned  at  600,000,  then  Orion  might  be  regarded  as  stopping 
the  whole  light  of  sixty  stars  during  the  whole  of  its  life  as  a 
nebula.  The  energy  thus  received  would  immensely  add  to  its 
own  energy.  Similarly,  the  rays  of  energy  which  the  Sun,  once 
a  nebula  perhaps  not  much  less  in  size  than  the  great  Dumb- 
bell Nebula,  had  received  must  have  greatly  prolonged  its  life 
as  a  nebula.  The  24,000,000  years  which  were  all  that  could 
be  allowed  it,  had  it  received  no  energy  from  outside,  must  have 
been  increased  to  a  higher  order  of  number  altogether.  Pro- 
fessor Ball  did  not  hesitate  to  write  the  figure  as  a  hundred 
million  years,  and  that,  he  hinted,  he  regarded  as  much  too 
small  for  the  age  of  the  Sun.  Andrew  Greig. 
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The  South  Polar  Cap  of  Mars. — In  the  May  number  of  the 
Astrophysical  Journal,  Professor  E.  E.  Barnard  gives  some 
account  of  his  observations  of  the  South  Polar  Cap  of  Mars, 
made  at  the  Lick  Observatory  during  the  oppositions  of  1892 
and  1894.  In  addition  to  the  usual  drawings  of  the  planet, 
Professor  Barnard  made  careful  micrometer  measures  of  the 
diameter  of  the  Polar  Cap  throughout  both  oppositions, — a 
practice  that  is  heartily  to  be  commended  in  the  study  of  all 
planetary  markings.  Recently  Professor  Barnard  reduced 
these  measures  to  the  mean  distance  of  Mars,  and  then  drew 
curves,  using  the  measured  diameters  of  the  Polar  Cap  as 
ordinates,  and  the  days  before  or  after  the  summer  solstice 
for  the  southern  hemisphere  of  Mars  as  abscissas.  Two  facts 
•of  great  interest  are  at  once  evident  from  these  two  curves : 
(1)  they  are  parallel  throughout,  showing  that  the  cap  at  both 
oppositions  followed  with  surprising  closeness  the  same  law 
of  decrease ;  and  (2)  the  cap  continues  to  decrease  for  a  month 
or  more  after  the  summer  solstice,  indicating  that  on  Mars,  as 
■on  the  Earth,  the  time  of  highest  temperature  is  not  reached 
until  several  months  after  the  maximum  of  solar  heat. 

Professor  Barnard  seems  to  incline  to  the  early  view  that 
the  Polar  Caps  on  Mars  are  due  to  accumulations  of  snow, 
saying  that  this  is  as  good  a  theory  as  any  of  those  put  forward 
to-dav  to  explain  the  phenomenon. 


At  the  la>t  annual  general  meeting  <»f  the  Roval  Astro- 
nomical Society  the  society's  gold  medal  \v;i-  awarded  to 
Professor  IIkkmann  Siurvi;.  Director  ^i  the  Konigsberg  ( )b- 
-rrvatorv.  for  his  work  on  the  satellites  (.f  Sittitru. 


Dr.  Frank  Si  nu  >i  noi.k  resigned  his  position  as  observer 
in  charge  of  the  International  Latitude  Station  at  I'kiah.  Cak. 
on  May  i  si .  i<;r\?.  to  accept  a  position  at  the  Yerkes  Observa- 
tory. Dr.  S.  I ).  Tow  \i. \-\\  is  Dr.  Si  m.i'si  w.kk's  successor  at 
I'kiah. 
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SUGGESTIONS   CONCERNING   FUTURE   OBSERVA- 
TIONS OF  THE  SATELLITES  OF  URANUS. 


By  Professor  Hermann  Struve. 


The  Tables  of  the  Satellites  of  Uranus,  published  by  Pro- 
fessor Newcomb  in  the  "Washington  Observations,  1873," 
can,  by  small  changes  of  the  mean  motions,  be  brought  in  toler- 
able agreement  with  modern  observations.  Therefore,  if  we 
content  ourselves  with  an  approximate  representation  of  the 
motions  of  the  satellites,  and  if  we  make  abstraction  of  the 
changes  produced  by  the  inclinations  of  the  orbits,  by  their 
eccentricities,  the  secular  motions  and  the  reciprocal  perturba- 
tions of  the  satellites,  the  tables  mentioned  will  probably  be 
sufficient  for  a  long  time.  Future  observations  will  then  only 
contribute  to  a  more  exact  knowledge  of  the  mean  motions  of 
the  satellites  and  of  the  mass  of  the  planet.  However,  par- 
ticular interest  is  connected  with  the  small  changes  mentioned, 
especially  as  we  may  get  thereby  an  answer  to  different  ques- 
tions concerning  our  knowledge  of  the  planet,  and  as  we  may 
arrive  at  further  conclusions  by  comparison  with  other  systems 
of  satellites. 

By  reason  of  the  extreme  faintness  of  the  satellites,  par- 
ticularly of  the  two  inner  ones,  such  observations  can  only  be 
made  with  some  hope  of  success  by  the  most  powerful  instru- 
ments. Also,  the  southern  position  of  the  planet  during  the  next 
two  decades  forces  us  to  exclude  the  participation  of  the  more 
northern  observatories.  But  on  account  of  the  numerous  great 
refractors  which  at  present  are  at  the  disposition  of  American 
observatories  it  may  be  expected  that  the  observations  neces- 
sary for  the  researches  mentioned  may  be  procured  in  the  near 
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future.    With  this  view  I  beg  leave  to  submit  the  following  sug- 
gestions. 

The  observations  made  until  now  have  proved  that  the  satel- 
lites of  Uranus  move  approximately  in  one  and  the  same  plane, 
not  changing  during  a  considerable  space  of  time.  Supposing, 
then,  that  in  analogy  with  other  planets  Uranus  has  a  sensible 
ellipticity,  and  neglecting  the  small  masses  of  the  satellites  and 
the  inconsiderable,  in  this  system  hardly  perceptible,  action  of 
the  Sun,  it  is  evident  that  the  orbits  of  the  satellites  form  only 
small  angles  with  the  equator  of  the  planet.  For  the  secular 
motions  of  the  satellites  only  some  maximum  values  may  be 
fixed  at  present,  as  the  ellipticity  of  the  planet  is  not  yet  deter- 
mined by  accurate  observations.  Assuming  the  greatest  pos- 
sible value  of  the  ellipticity  =  o  i  and  the  major  semi- 
axis  of  the  planet  a  =  i".9,  the  homogeneity  of  the  planet 
would  lead  to  the  following  values  of  the  yearly  motion  of  the 
apsides  and  of  the  nodes : — 

Air  = —  A® 

Ariel,  550.  2 

Umbriel,  \y  .  7 

Titania,  3  .14 

Obcron,  1   .13 

Then,  again,  supposing  the  relations  similar  to  those  of 
Jupiter  and  Saturn,  the  values  mentioned  ought  to  be  dimin- 
ished   to    their    half.     It    is    to    be    remarked    that,    accepting 

—   and  the  time  of  revolution  of  the  planet  in  round 

a  14 

numbers  equal  to  ten  hours,  as  with  Jupiter  and  Saturn,  we 
shall  rind  nearlv  the  same  value  for  the  well-known   constant 

of  ellipticitv:  — 7  =  x  —  ^  2  as  w'tn  those  two  great  planets. 

Of  course  these  numbers  represent  only  an  approximate  esti- 
mate of  the  amount  of  the  secular  motion  produced  by  the 
ellipticitv.  The  motions  produced  by  the  satellites  are  even 
less  sensible,  if  their  masses  are  of  the  same  order  as  those  of 
the  interior  satellites  of  Saturn.  Considering  now  that  the 
observations  of  the  satellites  Obcron  and  Titania  present  only 
verv   small  deviations   from  circular  orbits,   it    is   evident  that 
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only  by  observations  of  the  two  interior  satellites,  Ariel  and 
Umbriel,  the  eccentricities  and  inclinations  of  which  may  be 
equal  to  0.02  and  i°  or  20,  respectively,  can  a  solution  of  the 
problem  to  determine  the  motions  mentioned  be  expected  in  a 
comparatively  short  time. 

For  the  observation  of  those  two  satellites  it  may  be  par- 
ticularly recommended  to  join  both  with  Titania,  whose  orbit 
apparently  offers  the  smallest  eccentricity,  by  measures  of  posi- 
tion-angle and  distance.  The  direct  junction  of  the  small 
satellites  with  the  center  of  the  planet,  using  bright  micrometer- 
wires,  is  exposed  to  the  objection  that  the  pointing  of  the  satel- 
lites will  be  different  from  the  pointing  of  the  limb  of  the 
planet,  on  which  the  wire  appears  as  a  dark  line.  From  this 
circumstance  considerable  errors  depending  also  on  the  posi- 
tion-angle might  be  produced.  Also  the  junction  of  the  interior 
satellites  with  Titania  will  no  doubt  be  more  exact.  Such 
measures  being  made  during  one  and  the  same  opposition  in 
sufficient  number,  and  being  continued  in  the  same  way  through 
several  oppositions,  the  elements  of  the  planes  of  Ariel  and 
Umbriel  (y,  0)  with  their  yearly  changes  will  be  found 
nearly  independent  of  the  supposed  elements  of  Titania.  The 
elliptic  elements  (e,  ir)  can  not  be  deduced  with  the  same  ac- 
curacy and  independent  of  the  corresponding  elements  of 
Titania,  but  even  in  this  case  we  may  expect  to  ascertain  the 
deviation  from  the  circular  orbit,  particularly  as  the  lines  of 
the  apsides  of  Ariel  and  Umbriel  will  probably  show  consider- 
able motion  in  a  few  years. 

Similarly,  the  determination  of  the  elements  of  the  planes 
(y,  0)  of  Oberon  and  Titania  will  be  most  favorably  obtained 
by  the  junction  of  these  two  satellites  with  each  other.  But  the 
deviation  from  the  circular  orbit  (e,  ir)  being  very  small  for 
both  satellites,  will  result  with  only  small  weight.  To  determine 
this  it  is  more  profitable  to  join  these  satellites  directly  to  the 
planet.  As  it  appears  not  quite  impossible  that  by  the  most 
powerful  instruments  we  might  see  Oberon  and  Titania  in  the 
feebly  illuminated  field,  the  joining  of  the  two  satellites  with 
the  limbs  of  the  planet  by  rectangular  coordinates  x,  y 
might  be  recommended.  This  method  of  measures  has  been 
executed  by  me  several  times  for  the  satellites  of  Mars  as  well 
as  of  Saturn,  with  an  accuracy  which,  some  precautions  being 
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observed,  will  not  be  much  inferior  to  the  junction  of  the  satel- 
lites with  one  another. 

It  appears  that  in  general  the  elements  c,  *  for  the  satellites 
of  Uranus  will  be  determined  at  other  times  than  the  elements 
y,  0.  At  the  present  time,  and  during  several  years  to  come, 
when  the  orbits  are  wide  open,  we  have  the  best  opportunity  for 
the  determination  of  e,  r,  but  there  is  no  chance  to  determine 
y,  0  with  more  accuracy  than  it  has  already  been  done  for 
Oberon  and  Titania.  Not  before  ten  or  fifteen  years  will  the 
elevation  of  the  Earth  above  the  orbits  of  the  satellites  diminish 
so  far  that  we  may  proceed  to  a  new  determination  of  the  planes 
and  of  their  secular  variations. 

Of  course,  for  the  theory  of  the  system  of  Uranus  it  would 
be  most  important  to  remove  the  uncertainty  which  still  exists 
concerning  the  ellipticity  of  the  planet.  Also,  in  this  regard 
an  answer  can  be  expected,  particularly  from  the  large  refrac- 
tors having  the  advantage  of  larger  focal  images  than  the 
smaller  telescopes.  In  this  connection  attention  may  be  called  to 
the  suggestion  made  by  Professor  Seeliger  (Sitsungsberichte 
Miinchen,  Band  XIV)  some  twenty  years  ago:  To  examine 
by  the  help  of  prismatic  eye-pieces  in  what  degree  the  deter- 
mination of  the  diameter  may  depend  upon  the  direction  to  the 
horizon.  Further,  it  appears  to  me  that  the  atmospheric  dis- 
persion may  be  a  source  ot*  error  not  yet  sufficiently  considered, 
by  producing  a  different  coloration  of  the  borders  of  the  planet 
which  will  interfere  with  the  uniform  pointing  of  the  microm- 
eter-wires on  the  planet's  limbs.  This  source  of  error,  which 
has  proved  to  be  verv  important  in  my  measures  of  Saturn,  be- 
ing partly  physiological,  can  affect  in  different  manner  the 
measures  of  different  observers,  and  may  perhaps  explain  the 
considerable  differences  of  the  various  determinations  of  the 
ellipticity.  When  the  elevation  of  the  I^arth  over  the  planes 
of  the  satellites  has  diminished  so  far  that  the  ellipticity  may 
be  determined  anew, — that  is,  in  about  ten  or  fifteen  years, — it 
will  certainly  be  necessary  to  attempt  the  elimination  of  the 
source  of  error  mentioned  by  the  use  of  a  prismatic  eye-piece 
and  by  executing  the  measures  in  different  hour-angles  and 
direction?. 

Koknioshkro,   May,   1903. 
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THE    SPECTRUM    OF    0  CETI* 


By  Joel  Stebbins. 

On  account  of  the  great  instrumental  power  required  for 
the  observation  of  the  spectra  of  faint  objects,  changes  in  the 
spectra  of  long-period  variable  stars  have  not  been  well  studied. 
In  fact,  there  is  no  star  which  undergoes  a  large  variation  in 
brightness  whose  spectrum  has  been  systematically  followed 
from  maximum  to  minimum,  or  vice  versa.  It  is  proposed  to 
give  here  the  results  of  a  study  of  the  spectrum  of  o  Ceti,  or 
Mira,  made,  at  the  suggestion  of  Director  Campbell,  with  the 
thirty-six-inch  refractor  of  the  Lick  Observatory,  from  June, 
1902,  to  January,  1903.  During  this  period  the  star  faded  in 
brightness  from  3.8  to  9.0  magnitude.  The  first  photograph  of 
the  spectrum  was  obtained  about  three  weeks  after  the  pre- 
dicted time  of  maximum,  and  a  series  of  plates  was  secured, 
covering  the  interval  to  minimum.  No  negatives  were  ob- 
tained after  the  star  had  again  begun  to  increase  in  bright- 
ness. 

The  most  important  articles  concerning  the  spectrum  of 
Mira  are  those  of  VoGFX,f  Sidgreaves,^  and  Campbell.^ 
Neither  Vogel  nor  Sidgreaves  followed  the  star  long  enough 
to  find  much  change  in  its  spectrum,  and  Campbell's  work 
was  mainly  in  connection  with  observations  of  the  star  for 
radial  velocity,  with  the  Mills  spectrograph. 

The  spectrograph  used  in  my  observations  was  the  one 
employed  by  Messrs.  Campbell  and  Wright  in  their  work 
on  Nova  Pcrsei  [L.  O.  Bulletin  No.  8],  designated  as  "Spectro- 
graph I."  It  is  the  regular  Mills  spectrograph  converted  into 
a  one-prism  instrument.  It  gives  good  definition,  on  the  same 
photograph,  of  the  region  from  A  3700  to  A.  5600.  Although' 
this  dispersion  is  only  about  one  fifth  of  that  of  the  three-prism 
instrument,  it  is  enough  to  yield  a  very  fair  determination  of 
velocity. 

*  Dissertation  in  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  in  the  University  of  California.    (Abstract.) 

t  H.  C.  Vogel.  Ueber  das  Spectrum  von  Mira  Ceti.  Sitzungsberichte  der  Berlin 
Acad.,  1896,  p.  143. 

X  Walter  Sidg  reaves.  The  Spectrum  of  o  Ceti  as  Photographed  at  Stonyhurst 
ColleRe  Observatory.    Mon.  Not.  Roy.  Astr.  Soc.f  Vol.  58,  p.  344,  April,  1898. 

f  W.  W.  Campbell.  Note  on  the  Spectrum  of  o  Ceti.  Astrophy steal  Journal, 
Vol.  IX,  p.  31,  January,  1899. 
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dispersion.  Of  the  large  number  of  lines  in  the  star  spectrum, 
there  are  few  which  coincide  with  lines  of  like  intensity  in  the 
solar  spectrum. 

The  absorption  spectrum  of  Mira  was  measured  accurately 
on  six  plates.  Each  plate  was  measured  and  reduced  inde- 
pendently, so  that  a  faint  line  might  be  measured  on  one  plate 
without  being  noticed  on  any  of  the  others.  This  does  not 
mean  that  it  had  developed,  or  that  its  intensity  had  changed. 
Such  lines,  of  which  many  were  measured,  could  be  easily 
obscured  by  an  irregular  arrangement  of  the  silver  grains.  The 
best  method  of  verifying  changes  is  to  examine  different  plates 
simultaneously,  in  pairs,  under  the  microscope.  This  has  been 
done,  and  all  changes  in  intensity  or  character  have  been  noted. 

About  one  hundred  lines  were  measured  in  the  region  from 
X  3900  to  X  4400.  Residuals  have  been  formed  by  subtracting 
the  mean  wave-length  of  each  line  from  its  measured  wave- 
length on  each  plate. 

The  residuals  for  each  plate  have  been  averaged;  and  if 
there  were  any  change  in  the  velocity  it  would  appear  in  the 
mean  residuals.  The  arithmetical  means  of  the  residuals  to 
the  violet  of  X  4400,  and  the  corresponding  velocities  in  kilo- 
meters per  second,  are  as  follows : — 


Date. 

Plate  No. 

tm. 

km. 

1902,  July     6 

7C 

+0.02 

+1 

16 

•     13  E 

+O.06 

+4 

Aug.    4 

25  F 

—O.O3 

— 2 

11 

27  D 

0.02 

— 1 

25 

28  D 

—O.03 

— 2 

[901,  Aug.  17 

2235  D 

+0.02 

+  1 

When  it  is  remembered  that  all  lines,  good  and  poor,  were 
included  in  the  means,  and  that  these  plates  were  taken  with  a 
one-prism  instrument  giving  a  dispersion  of  but  one  fifth  of 
that  of  the  regular  Mills  spectrograph,  the  range  of  only  6km 
on  six  plates  is  very  satisfactory.  None  of  the  plates  taken 
later  in  1902  are  good  enough  to  afford  comparable  conclu- 
sions as  to  the  velocity;  and  it  was  thought  best  to  measure 
only  first-class  plates  in  this  connection. 

The  result  that  the  star's  velocity  was  constant  over  a  cer- 
tain period  was  derived  without  assuming  the  coincidence  of 
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any  of  the  star  lines  with  lines  of  the  solar  spectrum,  or  with 
other  known  lines.  A  determination  of  the  actual  radial  ve- 
locity requires  an  assumption  as  to  what  the  wave-lengths  of 
the  star  lines  would  be  if  they  were  not  affected  by  velocity. 
Agreements  of  star  and  solar  lines  were  looked  for,  by  direct 
comparison  of  the  star  plates  with  a  solar  plate,  and  only  ten 
coincidences  were  found.  Six  of  these  lines  were  good  enough 
to  be  uled  for  determination  of  velocity,  and  they  give  +66km. 

Campbell  in  1898  found  -f  62km  with  the  three-prism  in- 
strument. The  interval  between  August  29,  1898,  the  date  of 
his  first  plate  that  year,  to  August  25,  1902,  the  date  of  my 
last  plate  which  was  measured,  is  equal  to  130  days  more  than 
four  periods  of  331  days.  The  radial  velocity  has  therefore 
been  observed  to  be  constant  over  about  two  fifths  of  the  period 
of  light  change. 

To  determine  more  coincidences,  I  have  measured  one  of 
the  high- dispersion  plates  of  o  Ceti,  taken  by  Dr.  Campbell 
in  1897.  Although  the  plate  is  under-exposed,  about  seventy 
lines  were  measured  between  A  4300  and  A.  4420,  and  more  than 
twenty  coincidences  were  found  by  direct  comparison  with  a 
solar  plate.  My  measures  of  this  plate  give  a  velocity  of 
+63km. 

A  brief  summary  of  the  number  of  dark  lines  of  different 
elements  observed  in  the  spectrum  with  both  three-  and  one- 
prism  instruments,  may  be  of  interest : — 


FJoUKIlt. 

No.  of  Lines, 

Ca 

r, 

Fe 

1 1 

Cr 

9 

V 

11 

A! 

2 

Sr 

1 

Ti 

31, 

2  »  ' 

There  can  be  no  doubt  of  the  presence  of  the  first  four  ele- 
ments in  the  list,  and  the  aluminum  and  strontium  lines  are 
prominent  :  but  manganese  and  titanium  must  be  considered  as 
doubtful. 

On    account    of   the    varying   instrumental    conditions   it    is 
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easy  to  fall  into  error  in  judging  as  to  changes  in  the  intensity 
and  character  of  dark  lines.  If  all  the  negatives  were  of  the 
same  density  and  of  uniform  excellence,  it  would  be  easy  to 
note  such  changes.  There-  is  one  dark  line  which  showed 
changes  of  which  the  reality  is  certain.  This  is  the  g  calcium 
line  at  A.  4227.84.  Measures  of  its  width  are  necessarily  rough, 
and  must  depend  much  upon  the  judgment  of  the  observer. 
The  measures  of  two  plates  are  as  follows : — 


Date. 

Plate. 

Width. 

1902,  June  27 

2    B 

2tm 

September  6 

33  D 

9 

Other  plates  taken  between  these  dates  gave  intermediate 
values. 

The  general  impression  formed  from  examining  the  series 
of  plates  is,  that  many  other  lines  also  grew  broader  as  the 
brightness  declined,  but  this  is  not  certain.  The  effects  of 
greater  width  of  the  slit,  reduced  intensity  of  the  resulting 
negative,  and  flexure  and  temperature  changes  resulting  from 
longer  exposure,  would  all  tend  to  make  the  lines  wider  and 
less  sharply  defined.  The  H  and  K  lines  are  not  shown  on 
most  of  the  plates,  and  nothing  can  be  said  as  to  changes  in 
their  character. 

A  few  lines  not  visible  on  the  early  plates  became  prominent 
later.  Lines  of  the  solar  spectrum  which  certainly  coincide 
with  these  have  not  been  found. 

The  prominent  bands  in  the  spectrum  of  Mira  have  been 
considered  by  some  observers  as  a  series  of  dark  bands,  with 
sharp  edges  toward  the  violet,  and  shading  off  toward  the  red. 
Others  think  them  to  be  bright  flutings  like  those  of  the  arc 
spectrum  of  carbon.  For  convenience,  they  will  be  considered, 
in  this  paper,  as  dark  absorption  bands.  On  the  plates  of 
o  Ccti  and  other  third-type  stars  taken  with  Spectrograph  I,  the 
bright  portions  of  the  banded  spectrum  are  certainly  brighter 
relative  to  the  region  above  Hy,  where  there  are  no  bands,  than 
are  the  corresponding  portions  of  the  spectrum  of  a  solar-type 
star.  However,  the  dark  portions  are  fainter  than  the  same 
places  in  the  solar  type  of  spectrum. 

No  attempt  was  made  to  determine  the  position  of  the  more 
diffuse  ends  of  the  bands.    In  many  cases  the  intensity  changes 
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gradually  from  head  to  head,  there  being  heavy  absorption  at 
the  sharp  edge,  the  spectrum  growing  uniformly  brighter  to 
the  next  line  of  demarcation. 

Sidgreaves,  on  comparing  the  spectrum  of  o  Ceti  with  that 
of  a  Herculis  and  other  third-type  stars,  found  a  difference  in 
the  wave-length  of  the  same  band  in  different  stars.  For  the 
head  at  A  5447  in  o  Ceti,  he  found  the  position  of  A  5458  in 
a  Herculis,  and  intermediate  values  for  a  Orionis  and  (3  Pegasi. 
He  suspected  these  discrepancies  to  be  due  to  instrumental 
causes,  but  of  this  he  was  not  certain.  His  work  being  done 
with  an  objective  prism,  he  had  no  comparison  spectrum  with 
which  to  test  the  reality  of  the  observed  differences. 

Along  with  the  work  on  o  Ceti  in  1902,  plates  were  taken 
of  a  Herculis,  (3  Pegasi,  p  Persei,  a  Ceti,  and  a  Orionis.  As 
these  stars  are  all  bright,  the  exposures  on  them  were  com- 
paratively short,  from  five  minutes  to  one  hour.  Isochromatic 
plates  were  used,  so  that  a  range  of  spectrum  as  far  to  the  red 
as  A  5600  was  covered.  They  were  measured  only  for  the  posi- 
tions of  the  heads  of  the  bands.  In  the  spectrum  of  Mira  there 
are  few  dark  lines  shown  in  the  region  of  the  bands,  but  in  the 
others  many  lines  were  recorded.  Where  there  are  more  lines 
the  bands  are  less  prominent,  and  in  the  case  of  a  Ceti  and 
a  Orionis,  onlv  three  bands  could  be  measured,  while  twenty- 
one  were  measured  in  the  spectrum  of   oCcti. 

The  measures  of  the  bands  give  accordant  results  for  the 
different  stars,  and  in  but  few  cases  is  there  a  discrepancy  of 
more  than  one  tenthmeter.  My  measures  of  the  band  near 
A  5447  give  A  5446. 8  from  five  stars,  no  star  giving  a  value  dif- 
fering as  much  as  one  tenthmeter  from  the  mean,  o  Ceti  gives 
exactlv  the  same  wave-length  as  the  mean  of  the  others. 

As  far  as  I  know,  the  identification  of  the  bands  of  the  third- 
tvpe  stars  lias  not  been  accomplished.  If  the  division  at  A5165.9 
be  considered  as  the  head  of  a  bright  band,  it  is  in  close  agree- 
ment with  the  head  of  the  third  carbon  band  at  A  5165.3,  as 
measured  bv  Kaysf.r  and  Runci-;.  The  head  at  A  4737.1,  meas- 
ured in  a  Herculis,  may  also  correspond  to  their  fourth  carbon 
band.  A  4737. J.  These  two  coincidences  are  the  only  ones  I 
have  found,  and  we  certainly  need  more  evidence  before  draw- 
ing anv  conclusions  from  them. 

Sidgkkavks  found  that  the  continuous  part  of  some  regions 
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of  the  star's  spectrum  changed  in  relative  intensity  as  the  star 
grew  fainter.  These  changes  have  been  verified  in  the  present 
work. 

Sidgreavks's  plates  showed  that  as  the  star  declined  in 
brightness,  the  intensity  of  the  bright  portions  of  the  spectrum 
between  A  4300  and  A  5000  grew  less  relatively  to  that  of  the 
region  near  A  5500.  My  plates  show  a  decrease  in  intensity 
of  the  region  from  A  4300  to  A  5000  relative  to  the  continuous 
spectrum  from  A  4000  to  A  4300. 

These  changes  in  intensity  have  been  described  as  changes 
in  the  continuous  spectrum,  but  they  may  be  simply  the  fading 
out  of  some  bright  bands. 

The  most  noticeable  and  interesting  features  in  the  spectrum 
of  o  Ceti  are  the  bright  lines.  The  great  brilliancy  of  some 
of  the  hydrogen  lines,  when  the  star  was  near  its  maximum, 
has  been  recorded  by  several  observers.  The  peculiar  fact  was 
noticed,  that  Ha,  Hp,  and  H€  were  apparently  missing,  while 
others  of  the  hydrogen  series  were  very  bright.  Photographs, 
which  showed  Hy  and  H%  as  intense,  gave  no  trace  of  Hj$ 
and  H€.  Sidgreaves,  in  1898  and  1899,  found  something 
which  from  its  position  might  be  the  bright  H fi,  but  he  did 
not  consider  it  as  certain.  It  has  been  seen  bright  on  some 
plates  at  Harvard.  [Vol.  28,  Part  I,  H.  C.  O.]  Mr.  Wright 
found  H€  distinctly  bright  on  a  plate  which  he  had  taken  in 
August,  190 1.  H  3  and  H€  were  recorded  as  bright  lines  on 
all  the  dense  negatives  taken  with  Spectrograph  I.  They  seem 
to  have  grown  stronger  relatively  to  the  other  hydrogen  lines 
and  also  to  the  continuous  spectrum  as  the  star  grew  faint. 

An  attempt  was  made  to  observe  Ha  visually,  but  without 
success,  on  the  night  of  September  6,  1902,  when  the  instru- 
ment was  changed  to  adapt  it  for  visual  work.  Corresponding 
to  the  bright  well-defined  Ha  of  the  comparison  spectrum 
there  was  continuous  spectrum,  but  no  bright  line  in  the  star. 
Mr.  Wright  was  present  and  verified  the  observation.  Ha 
should  be  looked  for  when  Mira  is  again  at  a  maximum. 

The  wave-lengths  of  the  bright  lines  show  no  more  change 
than  do  those  of  the  dark  lines.  The  average  residual  for 
each  plate  has  been  computed  and  there  is  no  sign  of  variable 
position.  A  comparison  of  these  average  residuals  with  those 
of  the  dark  lines  is  as  follows : — 
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Date. 

Plate  No. 

Dark  Lines. 

Bright  Lines. 

1902,  July 

6 

7  C 

+0.02 

+O.OI 

16 

13  E 

+O.06 

+O.O4 

Aug. 

4 

25  F 

—O.03 

—O.O3 

11 

27  D 

0.02 

—O.O3 

25 

28  D 

—O.O3 

+O.O3 

1901,  Aug. 

17 

2235  D 

+0.02 

—O.O4 

These  average  residuals  are  all  so  small  that  the  agreement' 
in  sign  for  some  cases  is  of  little  significance. 

The  wave-lengths  of  the  bright  lines  and  the  identification 
of  some  of  them  is  given  in  the  following  table. 

There  can  be  no  doubt  that  the  hydrogen  series  is  present. 
Metallic  lines  which  seem  to  coincide  in  five  cases  are  given, 
but  in  spite  of  the  accuracy  of  the  measures,  we  must  con- 
sider the  question  of  their  identity  to  be  still  open. 

Identification  of  Bright  Lines. 


oCeti 

Tabular 

Displacement. 

Substance. 

Authority 

A. 

A. 

tm. 

for  A. 

3751-2- 

3750.15 

4-I.O- 

HK 

Ames. 

3771-52 

3770.7- 

4-O.S2 

Ht 

Ames. 

3798  76 

3798.0- 

4-0.76 

He 

Ames. 

3836.20 

3835.6- 

4-0.60 

"n 

Ames. 

3853.51 

3889.91 

3889.15 

4-0.76 

"t 

Ames. 

3906.36 

3905.66 

+O.70 

Si  12 

Rowland. 

3908. 18 

3933.45 

3939- 10 

3968.49 

3970.87 

3970.18 

4-0.69 

H€ 

Rowland. 

4007.74 

4102.66 

4101.89 

4-o-77 

H$ 

Wright. 

4202.91 

4202.20 

4-0.71 

Fe  8 

Rowland. 

4216.71 

4234.12 

4308.70 

4308.08 

4-0.62 

Feb 

Rowland. 

4341-33 

4340.63 

+0.70 

//y 

Rowland. 

4373-61 

4376. 78 

4376.11 

4-0.67 

Fe  6 

Rowland. 

4571.82 

4571.26 

4-0.56 

MS  5 

Rowland. 

4862.34 

4S61.53 

4-0.81 

Hi 

Rowland. 
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It  should  be  noticed  that  a  bright  line  developed  on  each 
side  of  each  of  the  strong  dark  calcium  lines,  g,  H,  and  K. 
Without  looking  at  the  plates,  this  might  seem  to  be  clue  to  a 
double  reversal  of  the  calcium  lines.  Their  appearance  is  not 
such,  however.  Mr.  Wright  also  examined  the  plates  with 
this  in  mind,  and  in  his  judgment  the  lines  are  separate  bright 
lines  and  the  phenomenon  is  not  one  of  double  reversal. 

Several  attempts  were  made,  in  June  and  July,  1902,  to  se- 
cure photographs  of  the  spectrum  of  Mir  a,  with  the  regular 
three-prism  instrument.  It  was  impossible,  however,  to  make 
an  exposure  long  enough  to  record  the  continuous  spectrum. 
The  only  features  recorded  were  Hy  and  two  other  bright  lines. 
Hy  was  single  on  all  the  plates.  It  seemed  nearly  monochro- 
matic, but  was  a  little  sharper  on  the  violet  than  on  the  red 
side.  It  had  the  same  appearance  as  that  found  by  Campbell 
in  1898,  at  about  the  same  interval  after  the  star's  maximum. 
In  1898  he  found  that  Hy  was  triple  from  five  to  two  weeks 
before  maximum.  Before  observations  of  o  Ceti  were  begun 
in  1902,  it  had  been  intended  to  make  polariscopic  tests  for 
Zeeman  effects  in  the  bright  lines ;  but  they  were  found  single 
on  the  first  photographs,  and  no  observations  for  polarization 
were  attempted.  These  should  certainly  be  made  when  it  is 
again  possible  to  observe  the  star  at  maximum.  Measures  of 
the  three-prism  plates  give  the  following  displacements  of 
Hy  in  tenthmeters. 


Date. 

Plate  No. 

tm. 

1902,  July     2 

2446  F 

+0.65 

2 

2447  A 

+0.68 

21 

2470  D 

+0.65 

Aug.  18 

2505  E 
Mean 

+0.61 

+0.65 

It  is  interesting  to  compare  the  measures  of  plates  taken  in 
1902  with  those  of  1898.  Campbell  also  observed  the  bright 
lines  near  A  4308  and  A.  4376.  They  were  also  measured  on 
the  high-dispersion  plate  of  August  18,  1902.  In  the  following 
scheme,  under  the  heading  "Bright  Lines,,,  is  given  the  actual 
observed  displacement  of  each  bright  line,  corrected  for  the 
Earth's  motion.     Under  "Dark  Lines"  is  given  an  assumed 
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displacement  which  corresponds  to  that  of  the  absorption-lines 
in  the  spectrum. 

Campbell,  1898.  Stebbjns,  1902. 

Three  Prisms.  Three                       One  Prism 

Bright              Dark  Prisms.                        •             Dark. 

Line.                       Lines:      Lines,  4-62km.  Bright  Lines.         Lines,  +66km. 

tm.                  tm.  tm.                  tm.                   tm 

H$  4101.89  +0.64  +0.85           +0.77  +0.90 

Fe?  4308.08  +0.60  +0.89  +0.61  +0.62  +0.95 

Hy  4340.63  +0.64  +0.90  +0.65  +0.70  +0.96 

Fe?  4376.11  +0.61  +0.91  +0.66  +0.67  +0.96 

The  dark  lines  in  this  region  of  the  spectrum  are  appar- 
ently displaced  about  0.25  tenthmeter  farther  to  the  red  than 
are  the  bright  lines.  The  results  obtained  with  one  prism  are 
systematically  larger  than  those  obtained  with  three  prisms. 
This  may  be  partly  due,  in  the  case  of  Hy  and  H$,  to  over- 
exposure on  many  of  the  plates.  Since  the  lines  seem  to  shade 
off  toward  the  red,  greater  exposure  probably  slightly  increases 
the  apparent  wave-lengths.  However,  since  the  displacements 
of  the  other  hydrogen  lines,  which  were  not  over-exposed,  are 
about  the  same  as  those  of  Hy  and  H$,  this  effect  is  probably 
not  large.  The  difference  between  the  results  of  1898  and  1902 
is  due,  no  doubt,  to  personal  errors. 

The  bright  lines  at  XX  4308  and  4376,  marked  as  possibly 
due  to  iron,  arc  of  peculiar  interest.  The  appearance  of  each, 
on  some  of  the  plates,  is  of  a  bright  line  with  an  adjacent  dark 
one  on  the  red  side.  If  the  bright  lines  be  due  to  iron,  thev 
are  displaced  by  the  same  amount  as  the  bright  hydrogen  lines: 
and  if  iron  produces  the  absorption  components,  the  displace- 
ments are  equal  to  those  of  other  dark  lines. 

A  glance  at  the  series  of  plates  showed  that  there  were 
many  changes  of  intensity  among  the  bright  lines,  both  rela- 
tive to  each  other  and  to  the.  continuous  spectrum.  The  lines 
at  AA  4202,  4308.  and  4571  all  became  brighter  than  the  hydro- 
gen lines.  Of  these  three,  only  A  4202  was  visible  on  the  early 
plates.  A  4571  did  not  exist  at  first,  but  appeared  when  the 
star  was  of  about  magnitude  5.4,  and  as  Mini  grew  faint  this 
line  became  the  most  prominent  object  in  the  spectrum. 

II y  and  7/g  could  not  be  seen  on  plates  taken  near  mini- 
mum, although  they  were  easily  observed  a  month  before.  (  )n 
account  of  underexposure  it  can  not  be  said  whether  the  other 
bright  hydrogen  lines  disappear  or  not. 
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Until  this  star  has  been  successfully  followed  through  all 
its  phases,  it  is  obviously  too  soon  to  advance  any  theory  to 
account  for  the  observed  changes  in  its  spectrum  or  in  its 
brightness.  The  light-gathering  power  of  the  great  refractor 
is  not  sufficient  to  follow  the  spectrum  satisfactorily,  at  least 
not  on  the  dispersive  scale  used  by  me.  An  ideal  equipment 
for  work  on  variables  would  consist  of  a  large  reflector  which 
could  be  used  for  this  purpose  alone,  with  spectrographs  of 
various  dispersive  powers  arranged  for  use  in  all  parts  of  the 
spectrum. 

The  apparent  constancy  of  radial  velocity  is  strong  evidence 
that  the  variations  in  brightness  are  not  due  to  the  influence  of 
a  companion  star,  unless,  indeed,  the  companion  were  of  very 
small  relative  mass,  were  moving  in  a  very  eccentric  orbit,  and 
approached  very  close  to  the  primary.  The  displaced  system  of 
bright  lines  could  not  belong  to  such  a  companion,  as  their 
wave-lengths  are  apparently  constant.  The  large  irregular- 
ities in  the  period  of  the  light-curve  practically  preclude  the 
question  of  a  binary  system,  though  perhaps  not  absolutely  so. 

The  remarkable  distribution  of  light  in  the  hydrogen  series 
seems  as  yet  impossible  to  explain.  Miss  Clerke  has  explained 
the  apparent  absence  of  H€  by  assuming  the  hydrogen  to  be  at 
a  lower  level  in  the  star's  envelope  than  the  calcium  layer,  the 
H  calcium  absorption  destroying  the  H€  radiations.  This 
theory  may  still  be  true,  though  the  existence  of  a  faint  bright 
H€  has  been  proven.  However,  Hfi  and  Ha  are  much  more 
reduced  in  intensity  than  is  H€ ;  and  with  them  there  is  no 
evidence  of  overlying  absorption  strata.  It  is  usually  expected 
that  the  bright  hydrogen  series  will  diminish  in  intensity  from 
red  toward  the  violet.  This  appears  to  hold  even  for  new  stars, 
in  which  the  disturbance  has  been  very  sudden,  though  excep- 
tion should  perhaps  be  made  for  Ha  when  new  star  spectra 
approach  the  nebular  form.  The  supposition  that  in  Mira  the 
hydrogen  series  may  regularly  decrease  in .  brightness  from 
violet  to  red  is  not  tenable,  as  the  diminution  from  Hy  to  H ft 
is  entirely  too  great.  Inasmuch  as  the  bright  lines  are  strongly 
shifted  (to  the  violet  with  reference  to  the  dark-line  system) 
from  their  normal  positions  apparently  by  causes  other  than 
radial  velocity  and  pressure,  it  seems  probable  that  the  pecu- 
liarities of  the  hydrogen-line  intensities  are  due  also  to  causes 
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now  unknown  to  us.  The  presence  of  the  bright  iron  lines 
A  4202,  A  4308,  and  A  43/6,  the  absence  of  others  of  the  same 
element,  and  the  diversity  of  structure  observed  by  Campbell 
in  the  triple  Hy  and  H  &  bands  are  perhaps  due  to  similar  un- 
known causes. 

The  great  variations  of  relative  intensity  observed  in  the 
hydrogen  and  other  bright  lines,  and  in  the  continuous  spec- 
trum, show  that  the  star's  decrease  in  light  is  produced  by  other 
causes  than  general  absorption. 

Considering  all  the  evidence,  it  seems  reasonably  certain 
that  the  star's  variation  in  brightness  is  due  to  the  action  of 
internal  forces. 

I  beg  to  acknowledge  my  indebtedness  to  Director  Camp- 
bell, who  provided  the  necessary  apparatus  and  made  valuable 
suggestions  during  the  course  of  the  work ;  to  Messrs.  Wright 
and  Reese,  for  continual  advice  and  assistance ;  and  to  Dr.  H. 
D.  Curtis,  for  enlarging  the  negatives  for  reproduction. 

May  1,  1903. 


NOTES    ON    VARIABLE    STARS. 


By   Rosf.  O'l  Ialiokan. 


)'  Cassia  par. 

The  variation  of  this  star,  which  was  discovered  on  the 
photographic  plates  of  Harvard  College  Observatory  a  few 
Years  ago,  ranges   from  0.8  to   1 3 1 1 1  magnitude. 

According  to  the  comparison-stars  of  10.2  and  12th  magni- 
tude close  above,  it  was  of  11.3  magnitude  on  the  1st  and  2<1 
of  August,  in  10,02,  and  on  October  20th  and  31st,  and  Novem- 
ber y\  it  had  increased  to   llth  magnitude. 

// '  .  lun^a  . 

Having  become  invisible  in  last  December,  the  predicted 
maximum  was  looked  for  towards  the  middle  of  January  of 
this  year. 

(  )n  the  14th.  17th,  and  27th,  and  on  February  1st  it  was 
still  invisible,  though  a  comparison-star  of  12th  magnitude  was 
seen.  The  period  of  //".  .litn^a  seems  to  be  irregular. 
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S  5"  Cygni. 
This  fitful  variable  was  nearly  equal  to  b  of  8.5  magnitude 
recently,  but  has  since  declined. 

l9°3-    June  23>  8:50  p.^m. — Two  tenths  less  than  b.    June 

24,  25,  26 — Decreased,  but  still  brighter  than  a  of  9.5  magni- 
tude. June  27,  29 — Equal  to  a.  June  30,  9:  17  p.  m. — Slightly 
less  than  a}  but  distinctly  brighter  than  d  of  10.5  magnitude. 
July  1 — Between  a  and  d,  but  nearer  to  d.  July  2 — Dimmer  in 
haze  and  moonlight ;  d  not  seen.  July  3 — Barely  discerned  in 
haze  and  moonlight.  July  4,  5 — Equal  to  d  in  hazy  moon- 
light.    July  6 — Less  than  d,  clear  moonlight. 

W  Lyrce. 

The  recent  increase  and  decline  of  this  star  was  observed 
as  follows : — 

1903.  February  21 — 8.8  magnitude;  not  equal  to  a;  equal 
to  c.  February  28 — 8.6  magnitude;  brighter  than  e,  equal  to 
a,  less  than  n.  Morning  clear.  March  6,  9,  18,  22 — Still  equal 
to  a.  Mornings  rather  clear.  March  25 — 8.7  magnitude ;  slight- 
ly decreased.  April  3 — 8.8  magnitude.  April  11 — 9th  magni- 
tude, according  to  the  comparison-stars.  April  22 — 9.8  mag- 
nitude. May  1 — 10.5  magnitude.  May  12 — nth  magnitude. 
June  1st — About  12th  magnitude;  barely  visible.    June  17,  22, 

25,  29 — Not  visible.  July  1,  2,  3 — Not  visible.  July  6 — In 
clear  moonlight  not  visible  with  a  high  power. 

Classified  comparison-stars  not  being  available  for  the  fol- 
lowing variables,  namely,  W  Cassiopew,  V  Corona,  and  V  Hy- 
dra, the  estimates  are  founded  only  on  experienced  observa- 
tions. Except  in  the  case  of  V  Hydros,  the  comparison-stars 
used  were  closely  adjacent  to  the  variables. 

W  Cassiopcce. 

1902.  August  22 — 1 1.5  magnitude.  September  25,  27 — 
Invisible.  October  26,  28,  31 — Invisible.  November  3 — 
Invisible. 

1903.  June  24,  26,  29,  30 — Of  10th  magnitude.  July  1, 
2,  3 — Of  10th  magnitude. 

V  Coronw. 
1903.    April  22 — Somewhat  less  bright  than  9th  magnitude. 
May  1 — Distinctly  brighter,  compared  to  the  stars  closely  ad- 
jacent.    It  was  of  about  8.5  magnitude. 
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V  Hydrce. 
1903.  February  4— Less  than  B2  of  6th  magnitude,  but 
visible  in  an  opera-glass,  and  probably  of  6.7  magnitude. 
February  12 — 6.7  magnitude.  Moonlight.  This  is  the  date  of 
expected  maximum.  February  19,  23,  25,  26 — 6.7  magnitude. 
March  3,  6,  16 — 6.7  magnitude.  April  1 — Slightly  decreased 
in  telescope  and  still  more  decreased  in  opera-glass.  April  11, 
16 — Ditto.  April  26 — Of  about  7th  magnitude,  but  still  vis- 
ible in  opera-glass. 

San  Francisco,  July  7,  1903. 


PLANETARY  PHENOMENA  FOR  SEPTEMBER  AND 
OCTOBER,  1903. 


By  Malcolm  McNeill. 


PHASES  OF  THE    MOON,    PACIFIC   TIME. 


Full  Moon,    Sept.  6,  4b2omp.M. 

Last  Quarter,    "  14,  5  14   a.m. 

New  Moon,       "  20,  8  31    p.m. 

First  Quarter,   4<  28,  5     8    a.m. 


Full  Moon,       Oct.  6,  7*24" a.m. 

Last  Quarter,     "  13,  11  56  a.m. 

New  Moon,        *4  20,  7  30  a  m. 

First  Quarter,    "  28,  12   32    a.m. 


The  Sun  reaches  the  equinox  and  autumn  begins  September 
23d.  10  r.  m.,  Pacific  time. 

There  will  be  a  total  eclipse  of  the  Sun  on  September  20th, 
but  it  will  not  be  available  for  astronomical  observations,  as 
the  path  of  totality  lies  in  the  most  inaccessible  region  of  the 
globe.  It  begins  in  the  Indian  Ocean,  southeast  of  Africa,  and 
runs  eastward  and  then  southward,  ending  near  the  South  Pole. 
There  is  verv  little  laud  from  which  even  the  partial  phase 
of  the  eclipse  can  be  seen;  Madagascar  and  the  southern  por- 
tions of  Australia  and  Xew  Zealand  are  about  all. 

There  will  also  be  a  partial  eclipse  (A  the  Moon  on  October 
nth,  rather  uninteresting  to  people  in  the  l.'nited  States,  since 
no  part  of  it  will  be  visible  here.  It  will  be  visible  throughout 
most  oi  the  eastern  hemisphere  and  will  be  not  quite  total. 

Mercury  begins  the  month  as  an  evening  star,  coming  to 
greatest  east  elongation  on  September  7th.     It  is  then  27     from 
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the  Sun,  but  it  is  also  io°  south;  so  it  remains  above  the 
horizon  scarcely  an  hour  after  sunset,  and  will  not  be  easily 
seen.  It  soon  begins  to  approach  the  Sun  quite  rapidly,  and 
passes  inferior  conjunction  on  October  3d,  becoming  a  morning 
star.  On  October  18th  it  reaches  its  greatest  west  elongation, 
180.  This  is  much  smaller  than  the  last;  but  now  the  planet  is 
in  a  part  of  the  zodiac  north  of  that  part  where  the  Sun  is, 
and  consequently  there  is  a  much  wider  interval  between  the 
times  of  rising  of  the  two  bodies.  During  the  latter  half  of  the 
month  Mercury  will  rise  from  an  hour  and  a  half  to  an  hour 
before  sunrise,  and  this  will  be  the  best  time  of  the  year  for 
seeing  the  planet  as  a  morning  star. 

Venus  is  an  evening  star  at  the  beginning  of  September, 
too  close  to  the  Sun  to  be  seen.  It  reaches  inferior  conjunction 
on  September  17th,  and  becomes  a  morning  star.  Its  motion 
is  now  northward  and  westward  from  the  Sun,  and  in  a  very 
few  days  it  can  be  seen  in  the  morning  twilight.  On  October 
1st  it  rises  an  hour  and  a  half  before  sunrise,  and  by  November 
1st  more  than  three  hours  and  a  half.  During  October  it  will 
also  be  very  bright,  reaching  the  maximum  on  October  24th, 
and  it  may  be  seen  in  full  daylight  during  the  greater  part  of 
the  month.  At  the  time  of  inferior  conjunction  Venus  is  nearly 
6°  south  of  the  Sun,  being  in  the  part  of  its  orbit  farthest  from 
the  ecliptic.  Although  the  inclination  of  the  orbit  of  Venus  to 
the  ecliptic  is  less  than  half  that  of  Mercury  (the  greatest  in 
the  solar  system  except  the  asteroids),  yet  on  account  of  its 
nearness  to  us  at  inferior  conjunction  it  can  attain  a  greater 
apparent  distance  from  the  ecliptic  than  any  other  planet.  It 
is  frequently  stated  in  text-books  that  this  distinction  belongs 
to  Mercury,  but  it  is  Venus  which  reaches  the  greatest  latitudes. 

Mars  is  still  an  evening  star,  but  the  Sun  is  gradually  over- 
taking it  in  their  common  eastward  motion.  On  September  1st 
it  sets  shortly  after  9  p.  m.,  on  October  1st  an  hour  earlier,  and 
on  November  1st  before  8  p.  m.,  less  than  three  hours  after 
sunset.  Its  total  motion  during  September  and  October  is 
about  450  eastward  and  70  southward,  from  Libra  through 
Scorpio  into  Sagittarius.  On  September  25th  it  passes  about 
20  south  of  /3  Scorpii,  and  on  October  3d  about  40  north  of 
Antares,  a  Scorpii.  Its  distance  from  the  Earth  in  millions 
of  miles  increases  from  139  to  167,  and  in  consequence  of  this 
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its  brightness  will  diminish  nearly  50  per  cent,  but  there  will 
be  no  difficulty  in  identifying  it. 

Jupiter  comes  to  opposition  with  the  Sun  on  September 
nth,  and  is  then  above  the  horizon  the  entire  night.  Toward 
the  end  of  October  it  will  set  an  hour  or  more  before  sunrise. 
It  is  in  the  constellation  Pisces,  and  during  the  two  months 
moves  about  6°  westward  and  20  southward. 

Saturn  is  also  in  good  position  for  evening  view.  It  sets 
at  about  2:30  a.  m.  on  September  1st,  at  about  12:30  on  Octo- 
ber 1st,  and  at  about  10:30  p.  m.  on  November  1st.  It  is  in  the 
constellation  Capricorn,  and  moves  slowly  westward  until  Octo- 
ber 7th,  and  then  moves  eastward,  but  the  whole  range  of 
motion  is  about  i°  only. 

Uranus  is  nearer  the  horizon  than  Saturn,  setting  shortly 
after  11  p.m.  on  September  1st,  and  at  about  7:30  on  Novem- 
ber 1st.  It  is  moving  slowly  eastward  in  Ophiuchus  between 
Scorpio  and  Sagittarius.  Mars  passes  it  on  October  24th,  the 
brighter  planet  being  about  two  diameters  of  the  Moon  farther 
south. 

Neptune  rises  shortly  after  midnight  on  September  1st  and 
at  about  8:30  p.  m.  on  November  1st.  It  is  in  the  western 
part  of  Gemini,  and  moves  slowly  eastward  until  October  9th, 
and  then  begins  to  move  westward. 


(FORTY-FIFTH)     AWARD     OF     THE     DOXOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pa- 
cific has  been  awarded  to  Joux  Ckir.c,,  Esq.,  of  the  Observa- 
tory, Thames,  Xew  Zealand,  for  his  discovery  of  an  unexpected 
comet  on  April  16,  1903. 

The  Committee  on  the  Comet-Medal : 

\Y.  W.  Camit.ixl. 

\Ym.   FlKKSoN. 

ClIAS.     F»L'K(  khaltkk. 


NOTICES   FROM  THE   LICK   OBSERVATORY* 


Prepared  by  Members  of  the  Staff. 


Comet  c  1903  (Borrelly). 

A  telegram  announcing  the  discovery  of  a  new  comet  by 
M,  Borrelly,  at  Marseilles,  on  June  21,  1903,  was  received 
here  on  the  evening  of  June  22d.  Observations  of  it  were 
secured  by  the  writer  the  same  night  and  the  two  following 
nights,  and  the  resulting  positions  telegraphed  to  other  ob- 
servatories. The  comet  at  the  date  of  the  first  observation  was 
in  the  position  R.  A,  21 h  52m;  Decl,  — 70,  and  was  moving 
slowly  westward  and  more  rapidly  northward.  It  appeared 
to  be  fully  as  bright  as  an  eighth-magnitude  star,  and  had  a 
small  disk-like  nucleus  estimated  of  about  the  tenth  magnitude. 
A  brushy  tail  could  be  traced  for  half  a  degree  in  the  south 
preceding  quadrant. 

The  comet's  apparent  motion  has  increased  very  rapidly, 
owing  to  its  near  approach  to  the  Earth,  with  a  corresponding 
increase  in  its  brightness.  On  June  30th  it  was  easily  visible 
to  the  naked  eyet  and  last  night  (July  14th)  it  was  as  bright  as 
a  third-magnitude  star.  Notes  on  the  comet's  orbit,  and  on  the 
photographic  and  spectrographic  observations  secured  here 
will  be  found  on  another  page, 
July  15,  1903. 


R,  G.  AlTKEN, 


The  Photographic  Spectrum  of  Comet  c  1903  (Borrelly), 
A  photograph  of  the  spectrum  of  this  comet  was  obtained 
on  July  15th,  using  the  small  slit-spectrograph  attached  to  the 
Crossley  reflector.  An  exposure  of  four  hours  showed  the 
five  bands  which  were  photographed  in  comets  b  1893  (Ror- 
DAME)f  and  b   1894   (Gale) J;  by  Campbell,     The  relative 


•  Lick  Astronomical  Department  of  ihe  University  of  California. 
iA stranamv  and  Astr&pkysics,  Vol.  Xtl,  p.  65 J, 
\ Aitr&nnmttal journal,  Vol*  XIV\  p,  ill. 
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intensities  of  these  bands  are  also  the  same,  with  one  exception, 
allowing  for  the  differences  of  dispersion  and  absorption  of 
the  instruments  used.  The  band  at  A  420  is  quite,  conspicu- 
ous in  both  of  the  earlier  comets,  but  is  very  weak  in  Comet 
Borrelly. 

Very  little  continuous  spectrum  is  shown  in  the  photograph, 
although  it  seemed  quite  strong  in  the  visual  portion  of  the 
spectrum.  C   D    P 

July  19,  1903. 

Elements  of  Comet  c  1903  (Borrelly). 
The  following  orbit  was  computed  from  observations  made 
on  June  22d,  30th,  and  July  10th,  by  Dr.  Aitken  : — 

T=  1903,  August  27d.6o56,  Gr.  M.  T. 
o>=  1270  19'    25".5  \ 
0=293    32       55-o  \  i9°3-o 
*=    84    59       45.3  ) 
log  ?  =  9.518126 

Residuals  (O  -  C)  :— 

AVcos/3'  —  i".o 

A/3'  +5.7 

The  orbit  of  this  comet  bears  no  close  resemblance  to  any 
previously  observed. 

An  extended  ephemeris  shows  that  the  comet  reaches  a 
north  declination  of  over  68  on  July  20th.  It  then  turns 
south,  with  diminished  geocentric  motion,  and  at  the  time  of 
perihelion  is  still  15  north  of  the  Sun  on  almost  the  same 
meridian.  It  will  thus  he  visible  as  an  early  evening  object 
until  after  its  perihelion  passage,  after  which  it  will  become  a 
morning  object  for  a  few  days.  As  its  southward  motion  is 
rapid,  it  will  soon  after  be  lost  to  northern  observers. 

Its  theoretical  brightness  reached  a  maximum  on  July  17th, 
when   it   was    fourteen   times   brighter   than   at   discovery.      At 
perihelion  its  theoretical  brightness  is  8.     Its  observed  bright- 
ness will,  in  all  probability,  be  greater  than  theory  indicates. 
July  19,  1903-  C.   D.    P. 

Preliminary     Note    on     PiioTooRAriue    Observations    of 
Comet  c  KJ03  (  Porreeey  ). 
Photographic   observations   of   Comet    c    1903    (  Porreeey  ) 
were  begun  at  the  Lick  Observatorv  on  the  nigbt  succeeding 
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that  of  discovery,  and  are  still  in  progress.  Nine  exposures, 
ranging  in  length  from  thirty-eight  minutes  to  four  hours,  have 
been  made  with  the  Dallmeyer  camera  of  I5cm  aperture,  82.6cm 
equivalent  focal  length,  and  140  X  160  angular  field.  Three 
negatives  with  the  same  range  of  exposure  have  been  obtained 
simultaneously  with  the  Floyd  camera  of  I3cm  aperture  and 
i78cm  focal  length. 

Two  tails,  one  of  which  is  nearly  straight,  the  other  greatly 
curved,  appear  on  all  but  the  last  plate.  The  curved  tail  is 
short  and  very  bright,  while  the  straighter  tail  is  relatively 
fainter  and  longer  but  develops  some  very  interesting  forms. 

On  a  plate  of  four  hours'  exposure,  on  June  23d,  the  tails 
are  widely  separated.  The  straight  tail  is  narrow  at  the  head, 
but  broadens  and  extends  \l/2  degrees.  On  the  plate  of  June 
29th  the  longer  tail  has  split  up  into  two  distinct  branches, 
which  emerge  separately  from  the  head  and  diverge  slightly 
as  they  extend  into  space.  With  four  hours'  exposure  on 
June  30th,  the  secondary  tail  appears  very  bright,  with  a  length 
of  \]/2  degrees.  The  primary  extends  five  degrees  from  the 
nucleus.  The  form  is  indistinct,  but  the  division  of  the  previous 
night  still  persists.  One  branch  remains  straight,  while  the 
other  is  broader  and  longer  and  follows  a  sinuous  curve.  On 
the  following  night  the  straight  tail  is  sharp  and  single. 

The  plates  of  July  12th  and  13th  still  show  two  tails.  The 
primary  tail  is  straight  and  narrow,  and  the  secondary  tail 
still  greatly  curved.  On  the  plate  of  July  12th,  with  thirty-eight 
minutes'  exposure,  the  primary  tail  is  four  degrees  long;  the 
secondary  tail  is  1.5  degrees  in  length.  The  plate  of  July  14th, 
ih  48111  exposure,  shows  one  straight  narrow  tail  Sl/2  degrees 
in  length,  widening  out  slightly  as  it  extends  away  from  the 
head. 

On  all  the  plates  the  nucleus  is  sharp  and  approximately 
central  with  respect  to  the  heavy  coma. 

During  these  exposures  the  Earth  has  been  approaching 
rapidly  to  the  plane  of  the  comet's  orbit.  At  the  same  time 
the  apparent  angle  between  the  tails  has  steadily  diminished 
until,  on  the  plate  of  July  14th,  they  are  coincident.  Measures 
of  the  position-angles  of  the  tails  on  two  plates  are  given  below. 
Pa%  Pp  and  Pr  represent  respectively  the  position-angles  of 
the  primary  tail,  secondary  tail,  and  radius  vector  from  the 
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Sun  to  the  comet.    The  difference  P  —  Pr  appears  in  the  last 
column. 

o  6  P.  S  T.  of 

6«       Date.  Mid-  tt  §  P  P         P     P P 

£E        1903-        exposure.  a  b  r       a  r 

5      June  30      i3h33nD    2ih4im.5    -f    2°48/    236°.o    216.8    238.0    — 2°.o 
7      July  12       8  52       20  34  .2    +39  23      197.3     188.0     1996    —2.3 

R.  H.  Curtiss. 
Sebastian  Albrecht. 

Honors  Conferred  upon  Members  of  the  Lick  Observa- 
tory   Staff. 

The  honorary  degree  of  Doctor  of  Science  was  conferred 
upon  Assistant  Astronomer  R.  G.  Aitken  in  May  by  the 
University  of  the  Pacific. 

Astronomer  W.  J.  Hussey  was  elected  Foreign  Associate 
of  the  Royal  Astronomical  Society  at  their  meeting  May 
8,  1903.  '  W.  W.  C. 

Appointments  to  Lick  Observatory  Staff. 

Dr.  Joseph  H.  Moore,  recently  of  Johns  Hopkins  Univer- 
sity, has  been  appointed  Assistant  in  Spectroscopy. 

James  D.  Maddrill,  University  of  California,  Gass  of 
1903,  has  been  appointed  Fellow  in  Astronomy  in  the  Lick 
Observatory  for  the  current  academic  year.  \Y.  \V.  C. 

D.  O.  Mills  Kxllditiox  to  Chill. 
Acting  Astronomer  Wkioiit,  in  charge  of  the  D.  O.  Mills 
expedition  to  Chile,  has  selected  the  summit  of  the  hill  San 
Cristobal  as  the  site  for  the  observing  station.  This  hill  lies 
on  the  northeast  edge  of  the  city  of  Santiago.  The  altitude 
of  Santiago  is  560  meters,  and  that  of  San  Cristobal  about  850 
meters.  There  is  a  road  to  the  top.  "  The  summit  is  a  ridge 
about  one  fourth  of  a  mile  long,  with  three  peaks,  not  unlike 
Mt.  Hamilton."  \Y.   \Y.   Camit.lll. 

Mr.   Hamilton,  July   17,1905. 


GENERAL    NOTES. 


Personal  Scale. — Almost  every  observer  has  a  tendency,  in 
estimating  the  tenths  of  intervals  on  scales  or  micrometer 
heads,  to  slight  certain  tenths  and  to  favor  others.  This  ten- 
dency has  been  called  "personal  scale"  by  Peirce,  who  first 
called  attention  to  it.  Not  much  has  been  written  on  the  sub- 
ject, probably  because,  although  very  interesting  from  a 
psychological  point  of  view,  it  can  never  have  much  effect  on 
observations.  Usually  all  that  personal  scale  does  is  to  increase, 
in  a  slight  degree,  the  probable  error  of  one  observation. 

The  writer  examined  2,000  readings  that  he  made  on  a 
micrometer  attached  to  the  zenith  telescope  at  the  International 
Latitude  Station  at  Ukiah.  The  following  table  shows  the 
number  of  times  that  each  tenth  was  read  off  (reduced  to 
percentages  of  the  whole).  If  he  had  had  no  personal  scale 
all  these  numbers  should  have  been  10.0  per  cent.  The  read- 
ings were  counted  in  four  independent  sets  of  500  each,  in 
order  that  their  accordance  might  show  the  degree  of  reliability 
of  the  means  : — 

Tenths.  First  500.     Second  500.      Third  500.      Fourth  500.         Mean. 

o    14. i        15.2        14.3        10. o        13.4 

•i  11. 2  7-4  11. 3  9-5  9-8 

.2  8.0  10.2  7.9  9.3  8.9 

.3  8.4  5.8  8.5  9.5  8.0 

.4  13.5  11. 2  11. 9  11. 2  12.0 

5    12-7        i5-o        12.9        15-4        14.0 

.6    13. 1         11. 6         11. 3         14.2        12.6 

•7    4.8  7.2  7.9  5.5  6.3 

.8    5.8  9.0  6.6  7.3  7.2 

•9    8.4  7.4  7.4  8.1  7.8 

It  will  be  seen  that  this  observer  tends  to  slight  the  high 
tenths  (0.7,  0.8,  and  0.9)  and  to  favor  0.0,  0.5,  and  the  two 
adjoining  0.5.  It  may  be  remarked  that  the  tendency  to  favor 
0.0  and  0.5  is  the  most  usual  form  of  this  kind  of  personality. 

Personal  scale  extends  to  the  estimation  of  tenths  of  a  sec- 
ond in  observing  transits  by  the  eye-and-ear  method.  Dr.  S.  D. 
Town  ley  has  published  (Astronomy  and  Astrophysics,  June, 
1892)  a  series  of  about  one  thousand  such  estimations,  with 
the  following  result: — 
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Tenths.  Per  cent  of  whole. 

°     155 

1      IO.3 

2     II. 5 

3    11. 1 

4    7-9 

5    10. 1 

6    10.2 

7    8.3 

8    6.9 

9    8.2 

There  is  here  a  tendency  to  slight  the  high  tenths  and  to 
favor  the  zero.  It  is  a  somewhat  remarkable  feature  that  all 
the  missing  sevens,  eights,  and  nines  have  been  called  zeros. 

Neither  of  the  above  personal  scales  is  very  marked.  The 
writer  came  upon  a  case  some  time  ago  of  an  experienced  ob- 
server in  whom  the  tendency  was  particularly  strong  and  very 
curious.  The  following  shows  the  results  of  two  independent 
counts  of  micrometer  bisections,  each  count  embracing  608 
estimations : — 


Tenths. 

.O  . 

.  I  . 

.2  . 

•3  ■ 

•4  • 

•  5  • 
.(>  . 

•  7  • 


•9 


Per  cent. 
.    16.3 

•  *9-9 
.  19.6 

.  1.8 

.  (1.4 

•  0.3 

•  3-4 
.  2.4 

•  n.3 
.   iS.h 


Per  cent. 

21.6 

l6.2 

I9.9 

2.3 

i-7 

o .  5 
1  .8 

3-4 
18.  1 

'4-5 


Mean. 
I9.O 
I8.0 
I9.8 

2.0 

4.0 

O.4 
2  .  6 

^•9 
14-7 

10.  0 


The  crowding-  to  the  ends  oi  this  scale  is  very  remarkable. 
This  observer  apparently  had  such  an  aversion  to  0.5  that  out 
of  1,210,  when  it  should  have  been  read  122  times,  it  appears 
onlv  five  times!  We  should,  then,  naturally  expect  that  0.4  and 
o.()  would  be  read  more  often  than  they  actually  occurred, 
but  instead  we  find  that  these,  as  well  as  0.3  and  0.7,  have  been 
badly  neglected.  If  we  add  up  the  percentages  for  0.3,  0.4, 
0.5,  0.6,  and  0.7,  we  get  1  1 .0, ;  consequently,  almost  all  these 
readings  should  actually  have  been  called  0.5.  That  an  ex- 
perienced observer  could  have  ^o  marked  a  personal  scale 
is  almost  incredible,  but  perhaps  it  is  no  more  difficult  to  be- 
lieve this  than  to  understand  the  statement  regarding  Hlsskl's 
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personal  equation.  It  is  said  that  when  he  used  a  clock  beat- 
ing half-seconds  his  personal  equation  changed  as  much  as 
0.49  seconds  compared  to  what  it  was  with  the  use  of  a  clock 
beating  seconds.  If  it  were  almost  anybody  but  Bessel  we 
should  be  inclined  to  think  that  a  cog  had  slipped  somewhere. 

F.  S. 

Andrew  Ainslie  Common,  LL.D.,  F.R.S.,  died  suddenly 
at  Ealing,  London,  on  June  2d  last.  He  was  born  at  New- 
castle-on-Tyne  in  1841.  Though  an  engineer  by  profession, 
his  strong  bent  for  astronomy  declared  itself  in  early  man- 
hood, and  became  practically  the  pursuit  of  his  life.  His  home 
and  his  observatory  were  at  Ealing,  where  he  had  a  fine 
equatorial  telescope  at  work,  and  devoted  himself  especially 
to  celestial  photography.  The  satellites  of  Mars  received  par- 
ticular attention,  also  those  of  Saturn,  the  nebula  in  the 
Pleiades,  and  the  great  one  in  Orion,  with  some  new  stars 
near  that  constellation.  He  also  studied  the  nucleus  of  the 
noted  comet  of  1882, — all  researches  of  a  kind  in  which  pho- 
tography would  be  of  special  service.  On  the  practical  side, 
Dr.  Common  wrote  on  the  illumination  of  micrometers,  on 
silvering  large  mirrors,  on  the  mounting  of  large  telescopes 
and  reflectors,  and,  at  a  later  date,  on  the  mounting  of  a  three- 
foot  reflector.  He  was  the  maker  of  some  very  important 
reflecting  equatorials,  including  the  largest  of  its  kind  in  ex- 
istence. Elected  a  Fellow  of  the  Royal  Astronomical  Society 
in  1876,  he  was  its  President  in  1895-96,  and  mentioned  in  a 
report  presented  in  the  following  year  that  the  five-foot  mirror 
of  his  direct  Cassegrain  telescope  had  been  reground,  and 
that,  in  addition  to  other  concave  mirrors,  two  of  thirty  inches 
diameter  had  been  made.  In  recognition  of  his  work  on 
Celestial  Photography,  he  received  the  gold  medal  of  the 
Royal  Astronomical  Society.  Since  1895  he  had  devoted  his 
attention  to  the  improvement  in  the  sighting  of  guns  of  all 
kinds,  and  he  recently  patented  a  range-finder,  which  was 
taken  up  by  the  Admiralty.  Andrew  Greig. 


Friedrich  Deiciimuller,  professor  at  the  University  of 
Bonn,  and  observer  at  the  observatory,  is  dead.  He  had  been 
connected  with  the  observatory  for  nearly  twenty-seven  years, 
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his  chief  work  there  being  upon  Part  Six  (400  to  50°)  of 
the  Astronomische  Gcscllschaft  Catalog.  This  work  contains 
50,000  observations  on  18,457  stars.  Deichmuller  made  one 
third  of  the  observations  and  superintended  all  the  reduc- 
tions. Of  late  years  his  attention  had  been  given  almost  ex- 
clusively to  variable  stars  and  to  corrections  to  the  Durchmus- 
terung.   He  died  in  the  prime  of  life,  having  been  born  in  1855. 


Andrew  Graham,  for  many  years  chief  assistant  at  Cam- 
bridge Observatory,  is  retiring  at  the  age  of  eighty-eight. 
More  than  fifty-five  years  ago,  Mr.  Graham's  name  became 
widely  known  as  the  discoverer  of  Metis,  the  ninth  asteroid. 
His  chief  contribution  to  astronomy  is  his  work  on  Part  Nine 
(250  to  300)  of  the  Astronomische  Gcscllschaft  Catalog.  All 
the  observations  on  the  14,464  stars  it  contains  were  made 
by  himself,  besides  which  he  performed  or  supervised  all  the 
computations. 


Lady  Huggins  and  Miss  A.  M.  Clerke  were  made  hon- 
orary members  of  the  Royal  Astronomical  Society  at  its  last 
meeting.  This  is  a  rare  honor,  having  been  accorded  on  only 
two  previous  occasions — to  Mrs.  Somerville  and  to  Caroline 
Hersciiel. 


The  University  of  Glasgow  has  conferred  the  degree  of 
LL.D.  upon  Sir  Norman  Lockykk,  Director  i)i  the  Solar 
I'hvsics  (  )bservatorv,  London. 


The  two  independent  determinations  of  the  difference  of 
longitude  between  the  observatories  at  Paris  and  at  Greenwich 
have  been  completed  and  are  shortly  to  be  published, — the  one 
l)v  M.  I  j  »ew  v  and  the  other  by  Mr.  Ciirjstik,  the  respective 
directors  uf  these  observatories. 


The  new  cable  to  Hawaii  offers  an  opportunity  for  the 
determination  c^i  the  longitude  of  this  place  which  the  L\  S. 
(.'oast  and  Geodetic  Survey  has  already  taken  advantage  of. 
The  work  is  now  completed.  Assistants  Smith  and  Mukse 
having  each  observed  both  at   Honolulu  and  San  Francisco. 
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By  R.  J.  Wallace. 

Through  the  courtesy  of  Professor  E.  E.  Barnard,  the 
writer  was  privileged  to  make  use  of  the  camera  and  lens  used 
by  him  for  the  purpose  of  continuing  the  series  of  negatives  of 
Comet  c  during  a  portion  of  the  month  of  July,  which  por- 
tion of  time  was  fortunate  enough  to  embrace  the  most 
interesting  period  of  the  comet's  career,  at  least  from  a  pic- 
torial point  of  view. 

The  lens  referred  to  is  that  belonging  to  a  projection  lan- 
tern manufactured  by  the  Mackintosh  Optical  and  Battery 
Company,  of  Chicago,  and  is  the  property  of  Director  George 
E.  Hale.  Being  of  short  focus  with  relatively  large  aperture, 
— viz.,  1.6  inches  diameter,  with  6.3  inches  focus, — it  thus 
gives  a  wide  field  of  fairly  large  area  upon  the  plate  and  with 
excellent  definition. 

Upon  the  date  of  July  20th  a  negative  taken  by  the  writer 
shows  clearly  the  tail  extending  to  about  90,  single,  and  with 
no  particular  structure  (exposure-time,  2h  25m),  while  that 
upon  the  evening  following  is  not  distinguished  by  any  par- 
ticular change  (exposure-lime,  2h  I5m). 

On  the  plate  of  July  22d  a  distinct  change  was  observable, 
in  that  the  tail  had  split  up  into  four  separate  streamers,  ema- 
nating from  the  head  and  trailing  off  into  space  with  varying 
lengths  readily  measurable  from  6°. 5  to  160.  The  exposure- 
time  was  2h  31™,  with  a  fairly  good  sky. 

The  negative  of  the  ensuing  evening  (July  23d)  was 
marked  by  a  division  of  the  tail  into  three,  one  of  which  was 
very  faint  but  yet  distinctly  traceable,  and  extending  to  a 
distance  of  about  140.     Exposure-time,  2h  2m  with  a  fair  sky. 

The  record  of  the  24th  showed  a  marked  change,  the  tail 
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having  the  appearance  of  being  broken  off  transversely  at  a 
distance  of  30  or  40  from  the  head,  the  inclination  of  the  fol- 
lowing division  differing  by  about  2°  from  the  direction  of 
the  longitudinal  axis  of  that  preceding.  That  this  separation 
was  taking  place  at  a  very  rapid  rate  is  shown  by  the  negative 
of  Professor  Barnard  of  that  same  evening,  and  preceding 
that  of  the  writer  by  a  mean  of  3h  om,  wherein  the  separation 
is  shown  very  decidedly  but  only  about  o°.3  wide,  as  against 
o°.5  in  the  later  negative. 

Such  a  phenomenon  was  naturally  the  cause  of  much  an- 
ticipatory interest  in  the  results  of  the  following  evening,  but 
by  that  time  (according  to  a  negative  by  Professor  Barnard) 
the  tail  had  apparently  completely  coalesced,  and  from  then  on 
there  is  nothing  recorded  of  unusual  interest. 

It  may  further  be  mentioned  that  prints  from  all  pairs 
of  negatives  taken  by  Professor  Barnard  and  the  writer, 
when  properly  matched,  give  perfect  stereoscopic  effect  when 
so  viewed,  the  comet  hanging  suspended  considerably  in  front 
of  the  stars,  and  the  structure  of  the  tail  clearly  showing. 
Lack  of  space  prevents  the  reproduction  here  of  such"  a  print. 

All  negatives  were  made  upon  Seed  2.J  gilt-edge  plates, 
backed,  reduced  with  hydrochinon  liberally  restrained  with 
bromide,  carefully  shielded  from  the  dark-room  light,  and 
developed  until  the  appearance  of  chemical  fog  indicated  the 
maximum  effect. 

Ykrkes  Ohsfrvatorv,  September  25,  1903. 


PLANETARY   PI1EXOMEXA   FOR   NOVEMBER    AND 

DECEMBER,    1903. 

By  Malcolm  McNeill. 
PHASES    OF    THE    MOON,    PACIFIC    TIME. 


Full  Moon,      Nov.     4,     9h27mp.M. 
L;ist  (Juarter,    tl       11,     6  46    p.m. 


Kull  Moon,       Dec.    4,    iob  13mA. m. 
Last  (Juarter,     "       11,     2   53    a.m. 


New  Moon,        "        18,     9   n>    p.m.        New  Moon,        i4       18,      1    26    p.m. 
First  (Juarter,    "       26,     9  37    p.m.    I    First  (Juarter,     "      26,     6   22    p.m. 


The  Sun  reaches  the  winter  solstice  and  winter  begins 
December  22(1,  4  p.m.,  Pacific  time. 

Mcrc\iY\  is  a  morning  star  at  the  beginning  of  November. 
having  passed  greatest    west  elongation  about  a   fortnight  be- 
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fore.  It  rises  about  an  hour  before  the  Sun,  and  may  possibly 
be  seen  under  good  condition  of  weather;  but  it  begins  to 
approach  the  Sun  quite  rapidly,  and  comes  to  superior  con- 
junction on  November  21st.  It  can  therefore  be  seen  as  a 
morning  star  for  only  a  very  few  days.  After  conjunction  it 
swings  slowly  away  from  the  Sun,  as  an  evening  star,  and 
toward  the  close  of  December  it  is  well  out  toward  greatest 
east  elongation.  On  December  31st  it  remains  above  the  hori- 
zon an  hour  and  a  half  after  sunset,  and  for  a  week  or  so 
earlier  the  interval  is  more  than  an  hour.  The  conditions  for 
visibility  are  fairly  good  for  the  last  week  of  December.' 

Venus  is  in  fine  position  for  observation  as  .a  morning  star. 
It  is  still  bright  enough  at  the  beginning  of  November  to  be 
seen  by  the  naked  eye  in  full  daylight,  and  on  November  28th 
it  reaches  its  greatest  west  elongation,  460  46'  from  the  Sun. 
It  then  rises  four  hours  before  sunrise;  and  at  the  beginning 
of  November  and  the  end  of  December  the  interval  is  only 
half  an  hour  less.  It  moves  about  6o°  eastward  and  south- 
ward among  the  stars,  from  the  eastern  part  of  Leo  through 
Fir  go  and  Libra  nearly  to  Scorpio.  Venus  is  in  perihelion  on 
December  nth,  but,  on  account  of  the  almost  perfect  circu- 
larity of  its  orbit,  the  variation  in  distance  from  the  Sun  is 
very  small. 

Mars  is  still  an  evening  star  in  the  western  sky  after  sun- 
set. Throughout  November  and  December  it  remains  above 
the  horizon  about  three  hours  after  sunset,  and  the  interval 
changes  only  a  few  minutes  in  the  two  months.  During  this 
time  the  Sun  gains  about  150  on  the  planet  in  their  common 
eastward  motion;  but  during  December  the  planet  runs  north- 
ward more  than  the  Sun,  and  this  keeps  the  interval  between 
the  setting  of  the  Sun  and  of  the  planet  about  the  same.  Mars 
moves  about  490  eastward  and  70  northward  among  the  stars, 
from  the  western  part  of  Sagittarius  to  the  eastern  part  of 
Capricorn.  It  is  in  perihelion  on  December  22d,  and  its  dis- 
tance from  the  Earth  in  millions  of  miles  increases  from  167, 
on  November  1st,  to  179,  on  December  1st,  and  190,  on  De- 
cember 31st.  The  diminution  is  not  quite  as  rapid  as  it  was 
during  the  early  autumn,  and  it  will  keep  on  slowing  up  until 
the  maximum  is  reached,  in  the  spring  of  1904.  There  will  be 
a  loss  of  about  thirty  per  cent  in  brightness  during  the  two 
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months,  and  Mars  will  no  longer  be  conspicuous;  but  it  will 
still  be  as  bright  as  a  small,  first-magnitude  star,  and  easily 
identified  in  the  comparatively  barren  region  in  which  it  is 
moving. 

Jupiter  is  in  fine  position  for  observation  in  the  southern 
and  southwestern  sky  in  the  evening.  On  November  1st  it 
does  not  set  until  nearly  2  a.m.,  on  December  1st  at  midnight, 
and  on  December  31st  shortly  after  10  p.m.  It  moves  very 
slowly  westward  until  November  9th,  and  then  resumes  its 
direct  eastward  motion.  By  the  end  of  December  it  has 
moved  40  eastward  and  2°  northward.  It  is  in  the  western 
part  of  the  constellation  Pisces,  and  very  few  naked-eye  stars 
are  near  it.  At  the  end  of  December  the  vernal  equinox  is 
about  io°  east  and  6°  north  of  Jupiter,  and  the  planet  will  pass 
near  that  point  of  the  heavens  in  the  spring  of  1904. 

Saturn  is  also  in  the  southwestern  sky  in  the  evening,  but 
much  lower  down  than  Jupiter,  although  it  may  be  seen  with- 
out difficulty  in  the  evening  sky  until  the  end  of  December. 
On  November  1st  it  sets  at  about  10:30  p.m.,  at  8:40  on  De- 
cember 1st.  and  at  about  7  on  December  31st,  the  last  being 
rather  more  than  two  hours  after  sunset.  It  is  in  the  constella- 
tion Capricorn,  and  its  motion  among  the  stars  is  50  eastward 
and  1  northward.  Toward  the  close  of  December  it  is  in  the 
nei^hhorln  •«  >d  of  Mars,  and  there  will  be  an  interesting  con- 
junction of  the  two  planets  on  the  evening"  of  December  JJth. 
Mars  will  pass  to  the  south  of  Saturn  Irom  west  toward  east, 
at  a  distance  just  a  trillc  more  than  the  apparent  diameter  of 
the  Moon.  At  the  time  of  nearest  approach,  the  Moon,  about 
two  davs  old.  mav  be  seen  between  the  planets  and  the  west- 
ern   horizon. 

I'rduus  is  low  down  in  the  southwestern  sky  on  November 
evenings. — l"o  low  for  s, ,  faint  an  object  to  be  easily  seen. 
It  passes  conjunction  with  the  Sun  oil  December  lSth.  and  be- 
comes a  morning  star.  During  November  and  December  it 
moves  about  ,}'  eastward  into  the  extreme  western  part  of 
Sii^iltiinus. 

Xi-ptuih'  come-  to  Mppositiun  with  the  Sun  early  in  the 
morning  of  December  27th. 


NOTICES  FROM  THE   LICK   OBSERVATORY.* 


Prepared  hv  Members  of  the  Staff* 


Notes  oh  Sons  Interesting  Double  Stars. 

Among  the  many  interesting  double  stars  on  my  observing 
list,  the  following  seem  worthy  of  special  mention  at  this  time. 
Nearly  all  of  them  belong  to  the  class  of  rapid  binaries,  though 
in  several  instances  we  lack  the  data  necessary  for  computing 
an  orbit,  All  the  observations  here  referred  to  were  made 
with  the  36-inch  telescope,  using  eyepieces  with  magnifying 
powers  of  from  1 000  to  2600,  except  those  of  70  Ophiuchi  and 
three  of  the  measures  of  £  Her  cults  in  1902,  which  were  made 
with  the  12- inch. 

Ho.  Ji3  —  tj  Ccti. — The  mean  of  three  measures  in  1902 
15 :~~  1902.63        286°. o        o".26 

and  of  two  recent  ones : — 

I9°3'59        306°. 2        o'\t8 

Recalling  the  fact  that  Burn  ham  did  not  see  the  close  pair 
in  1877  when  he  measured  a  faint  distant  companion,  nor  in 
1890-91  when  he  examined  it  with  the  36-inch,  and  noting  that 
the  angular  motion  seems  now  to  be  increasing,  with  diminish- 
ing distance,  it  seems  very  possible  that  the  revolution  period 
may  be  about  fourteen  years.  It  is  now  a  difficult  object  to 
measure  eVCil  with  the  36-inch  telescope, 

j3  612. — The  mean  of  two  nights*  measures  made  last  year 
ls,—  [902.3a        249  °.  2        o"-iJ 

and  of  five  measures  in  the  present  year: — 
1903.39        261°. 2        o'\is 

From  a  comparison  of  these  results  with  earlier  measures,  it 
appears  that  the  period  is  not  likely  greatly  to  exceed  thirty 
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years,  the  value  found  by  Glasenapp  in  1892.  It  will  be  a 
difficult  pair  to  measure  for  several  years  to  come. 

£  p4p. — This  is  another  star  that  is  now  in  a  critical  part 
of  its  orbit.  When  discovered  by  Burnham,  in  1880,  the  dis- 
tance was  o".62.  In  1898  1  found  that  the  distance  had  dimin- 
ished to  o".4i.  The  distance  has  since  diminished  very  rapidly, 
with  comparatively  little  change  in  the  angle.  The  star  was 
examined  on  three  fairly  good  nights  during  the  present  year, 
but  was  found  too  close  to  measure,  the  distance  being  little, 
if  any,  over  V10".  The  plane  of  the  orbit  is  apparently  nearly 
in  the  line  of  sight. 

2  2084  =  £  Herculis. — This  well-known  binary  has  now 
become  an  easy  pair,  and  the  motion  for  some  years  will  be 
comparatively   slow.      My   measures   for   the   last   two  years 

are:—  1902.46        2i5°.i         o".92        4n 

i9°3-34        204  .4         1  .05        2 
2    2272  =z  70  Ophiuchi. — My  measures  for  the  past  two 
years  give:—  I902>6o        2I2°.3         ^         5n 

I903-54         196  7         1  75        3 
The  point  of  minimum  apparent  distance  was  passed  early  in 
1 901,  and  the  distance  is  now  steadily  increasing  with  a  cor- 
responding decrease  in  angular  motion. 

A.  iVcV. — The  rapid  angular  motion  of  this  pair  continues, 
and  the  period  is  likely  to  he  a  short  one.  The  mean  of  three 
recent  measures  is  : — 

1903.44         29 8  .4         o".n 
The  position  at  the  time  of  discovery  was  : — 
1900.46         353 ,°.J         o".i4 

Winlock  =  £  Sa^ittarii. — This  interesting  binary  has  now 
became  an  exceedingly  difficult  object  for  observers  in  the 
northern  hemisphere,  and  in  the  southern  hemisphere,  untortu- 
natelv,  there  are  practically  n<>  observers  interested  in  double 
stars  who  can  command  telescopes  powerful  enough  to  resolve 
it.  The  following  are,  so  far  as  I.  know,  the  only  measures 
made  in  the  past  two  years: — 

1902.55        5i°.  7        o".43         1"        Inni*.        ^T""A 
1902.66  47   .6         o  .36  2  AlTKI-N. 

I903.4O  l6    .5  O   .22  2  AlTKKN. 
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0  2  535  =  8  Equulei. — In  No.  87  of  these  Publications  (p. 
198)  I  gave  my  measures  of  this  pair  to  1902.794.  Since  then 
I  have  measured  it  as  follows : — 

1902.873        35°.2        o".i6 
.969        30  .6        o  .18 

1903.46  28  .3        o  .28        5n 

The  gradual  increase  in  the  angular  distance  which  was  ob- 
served the  latter  part  of  last  year  has  evidently  continued,  and 
the  star  is  now  easily  resolved  with  the  36-inch, — in  fact,  it  is 
readily  recognized  as  a  double  star  with  the  12-inch.  Assuming 
the  period  of  5.7  years  as  correct,  it  will  remain  a  comparatively 
easy  pair  for  the  next  two  years,  and  will  then  close  in  again. 

/3  p#p  =  k  Pegasi. — Like  the  preceding  pair,  k  Pegasi 
will  soon  reach  its  greatest  apparent  separation,  and  will  be 
well  placed  for  observation  for  several  years.  My  recent 
measures  give  the  following  results: — 

1901.970        2090     =b    o".o7±     in 
1902.92  171  .8        o  .14        2 

1903.52  139  .5        o  .14        4 

A.  41  j  =  83  Aquarii. — In  announcing  the  discovery  of  this 
pair  in  these  Publications  (No.  86,  p.  166)  the  value  of  the 
annual  proper  motion  was  erroneously  given  as  o".023  in  I7°.5. 
It  should  be,  as  Professor  Burnham  kindly  pointed  out  to 
me,  o".io7+  in  780.  The  same  correction  applies  to  L.  O. 
Bulletin  No.  29  (p.  24).  This  motion  is  certainly  common  to 
both  components,  and  the  system  is  therefore  a  physical  one. 
My  measures  also  seem  to  indicate  direct  orbital  motion,  the 
mean  of  four  recent  measures  being: — 

1903.62        730. 2        o".20 

as  compared  with : — 

1902.64        6i°.o        o".i9        4n 

/3  80. — This  is  one  of  the  most  interesting  stars  in  Burn- 
ham's  catalogue,  and,  at  present,  a  very  difficult  pair  to  meas- 
ure. The  distance  is  rapidly  diminishing,  and  data  for  an 
orbit  will  soon  be  available.    My  measures  are: — 

1901.88  90. 6        o".32        2n 

1 903-65        47  .2        o  .20        2 
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fi  ?33  =  #5  Pcgasi. — The  angular  separation  in  this  pair 
is  still  great  enough  to  make  the  little  companion  easily  visible 
under  favorable  conditions.     Three  recent  measures  give: — 

1903.54        262°.o    .    o"76 

The  computed  position  from  Burnham's  orbit  for  the  same 
date  is:     267 °. 9,  o"72. 

September  10,  1903.  ■**■•  ^*  A  IT  KEN. 

Personal  Scale. 
Dr.  Schlesinger's  note  on  this  subject  in  No.  91  of  these 
Publications  is  of  interest  to  all  who  are  engaged  in  work 
involving  the  use  of  micrometer-screws.  For  the  sake  of  com- 
parison, I  have  thought  it  might  be  worth  while  to  give  here 
the  results  of  a  similar  count  I  have  made  of  the  number 
of  times  each  tenth  was  recorded  in  1,200  recent  readings  of  the 
micrometers  attached  to  the  36-inch  and  12-inch  telescopes, 
together  with  the  results  of  a  similar  count  of  1,000  earlier 
readings.  As  the  milled  heads  of  the  micrometer-screws  are 
divided  into  one  hundred  parts,  the  tenths  of  divisions  here 
considered  have  the  value  of  thousandths  of  one  revolution. 
The  personal  scale,  therefore,  does  not  affect  the  accuracy  of 
the  micrometer  measures.  Tn  the  following  table  all  of  the 
percentages  would  be  10.0  it  there  were  n< >  personal  scale. 
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It  i>  apparent  that  the  t\v<>  counts  give  practically  the  same 
error-curve,  and  show  that  while  0.3  was  read  as  often  as  it 
occurred.  0.1.  and  espec;all\  0.0,  were  slighted  in  lavor  ui  0.0; 
and  0.3,  0.4.  and  0.0,  <>.;  in    fa\or  of  0.2  and  0.8  respectively. 

September  8,    n,o;v  T\.   G.    AlTKI-V. 
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Discovery  of  a  New  Companion  to  02  499. 

In  the  course  of  my  survey  of  the  stars  in  the  zone  -f-  560 
to  -\-  6o°,  I  turned  the  36-inch  telescope  upon  0  2  499  on  the 
night  of  June  11,  1903,  and  found  that  the  fainter  star  of  this 
wide  pair  was  a  close  double. 

Three  nights'  measures  of  the  new  pair  give : — 

1903.54       I46°.6       o".42       9.0-10.8  magnitudes. 

The  wide  pair  is  probably  fixed,  having  shown  no  motion 
since  discovery  in    1847. 

September  10,  1903.  R-  G-  AlTKEN. 

Rediscovery  of  Comet  1889  V,  1896  VI  (Brooks). 

The  first  observation  of  Brooks's  Comet  during  the  present 
apparition  was  secured  with  the  36-inch  telescope  on  August 
18th,  I2h  i7m  23s  Mt.  Hamilton  M.  T.,  at  which  time  it  was 
found  in  R.  A.  2ih  2m  5is.30;  Decl.  —  270  4'  i8".8.  The  posi- 
tion predicted  for  this  date  by  Professor  Neugebauer  differs 
from  the  observed  place  by  but  little  more  than  5'.  The  comet 
■is  therefore  following  the  predicted  path  very  closely. 

This  comet  is  of  unusual  interest  for  several  reasons.  At 
the  time  of  its  first  appearance,  in  1889,  **  was  attended  by 
several  companions,  one  of  which  at  times  rivaled  its  primary 
in  brightness.  It  is  also  interesting  because  of  its  possible 
identity  with  the  lost  Lexell's  comet,  and  because  it  is  the 
only  comet  that  has  been  observed  at  two  consecutive  opposi- 
tions. Professor  Barnard  having  secured  five  observations  of 
it  between  November  22,  1890,  and  January  13,  189 1, — a  year 
and  a  half  after  its  discovery. 

On  its  second  return  to  the  Earth  it  was  first  observed  by 
M.  Javelle,  at  Nice,  on  June  20,  1896.  and  was  followed  by 
observers  at  fourteen  stations  until  February  25,  1897,  when 
Professor  Hlssey  secured  the  last  observation,  with  the  36-inch 
telescope. 

Professor  Bauschinger  determined  the  definitive  elements 
from  the  observations  in  1889-91,  and  later  revised  his  work 
with  the  aid  of  the  observations  made  in  1896-97.  These  ele- 
ments, with  corrections  applied  for  perturbations,  afforded  the 
basis  for  the  ephemeris  which  Professor  Neugebauer  com- 
puted for  the  present  apparition. 
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The  companion  comets  were  not  observed  in  1806-97,  and 
no  trace  of  them  could  be  seen  with  the*36-inch  this  year. 

It  may  be  added  that  Giacobini's  periodic  comet  (1896,  V) 
has  so  far  escaped  detection  on  its  present  return,  though  it  is 
favorably  situated,  according  to  theory,  and  has  been  carefully 
searched  for  with  both  the  12-inch  and  the  36-inch  telescopes. 

The  two  other  periodic  comets  that  are  now  in  the  neighbor- 
hood of  the  Sun,  Faye's  well-known  comet  and  Perrine's 
comet  (1896,  VII),  are  very  unfavorably  placed,  and  the  dense 
banks  of  smoke  and  haze  that  have  hidden  our  horizon  for 
some  weeks  have  prevented  any  effective  search  for  them. 

September  22,  1903.  R.  G.  AlTKEN. 

Observations  of  the  White  Spot  on  Saturn. 

The  following  observations  of  the  white  spot  on  Saturn 
were  made  with  the  36-inch  refractor,  in  the  course  of  other 
work.  No  attempt  was  made  to  observe  the  spot  systemat- 
ically. 

1903,  July  17. — Spot  transited  planet's  meridian  at  2311  31™ 
158  Gr.  M.  T.  Equatorial  diameter  of  spot  (observed),  i".25; 
polar  diameter  of  spot  estimated  to  be  two  thirds  of  the  equa- 
torial diameter.     Power,  520. 

1  vol,  .lu^ust  j;. — 1711  i8m  Gr.  aI.  T.  Spot  estimated  to  be 
1"  past  the  planet's  meridian.  Idle  spot  is  larger  and  more 
conspicuous  than  on  July  17th.  The  spot  is  divided  by  a  very 
narrow  -lark  east-and-west  belt.  C.  1).   P. 

September  17,  1903. 

Vjsiak   Ou.skkvations    or    tiik    SrirnuM    of  Aor.-/    Gem- 
lxorum  Madk  with  tiik  30-lM  11  Rkfkac  TOK. 

The  spectrum  of  Xo:\i  Gcmiiiorum  was  observed  visually 
with  the  oue-prism  spectrograph  on  the  mornings  of  August 
17th  and  18th.  The  star  was  invisible  in  the  finder,  so  that  no 
estimate  of  magnitude  could  be  made.  Nothing  could  be  made 
out  either  at  lla  or  1).  The  three  chief  nebular  lines  were, 
however,  very  well  developed,  that  at  1 1  .3  being  faint.  \  4959 
somewhat  stronger,  and  that  at  A  5.007  very  much  more  intense. 
There  was  probably  also  a  very  faint  line  visible  near  A  4700. 
but   too    faint    to    identifv    with    accuracv.      The    lines    seemed 
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sharp  and  well-defined.  A  plate  of  this  region  taken  on  April 
6,  1903,  (cf.  L.  0.  Bulletin,  No.  37,)  showed  a  faint  trace  of  the 
line  at  A  5007,  probably  just  beginning  to  appear.  At  present 
this  line  is  far  the  most  conspicuous,  and  in  it  is  concentrated 
practically  all  the  light  of  the  visual  spectrum.  The  change 
to  the  nebular  type  seems  complete. 

Heber  D.  Curtis. 

Publications  of  the  Lick   Observatory,   Volume  VI. — 
Meridian-Circle. 

This  volume,  which  is  now  being  sent  out  to  the  corre- 
spondents of  the  Lick  Observatory,  contains  the  results  of 
Professor  Tucker's  observations  with  the  meridian-circle  dur- 
ing the  period  August,  1896,  to  March,  1901.  The  observations 
include  the  following  schemes  of  work:  The  Declinations  of 
the  Bethlehem  Latitude  Stars ;  Additional  Standard  Close  Cir- 
cumpolar  Stars;  Zodiacal  Stars  for  Heliometer  Measures  of 
the  Major  Planets;  The  Southern  Stars  of  the  Catalogue  of 
Piazzi  ;  The  Reference  Stars  for  the  Photographs  of  Eros; 
and  Miscellaneous  Observations,  including  those  of  Eros, 
Nova  Pcrsei,  comets,  and  comparison-stars. 

Corrections  to  Asteroid  Ephemerides. 

Asteroid  observations  made  with  the  12-inch  equatorial 
give  the  following  corrections  to  ephemerides  published  in 
Vcrbffentlichungcn  dcs  Rechen-Instituts,  No.  21 : 

(333)  Badenia  —25s  —  3'.o 
(332)  Siri         +60    +8.6 

James  D.  Maddrill. 


GENERAL    NOTES. 


Some  Common  Inaccuracies  in  the  Application  of  the  Meth- 
od of  Least  Squares. — It  is  gratifying  to  notice  how  wide-spread 
has  become  the  use  of  the  method  of  least  squares  during  re- 
cent years.  When  the  method  was  new  it  found  favor  only 
in  astronomy  and  geodesy.  Nowadays  it  is  not  only  used  in 
all  kinds  of  physical  problems,  but  one  is  no  longer  surprised 
to  see  it  applied  to  problems  in  biology,  in  psychology,  and 
even  in  sociology.  Perhaps  because  of  this  wider  field,  or 
perhaps  because  of  the  pitfalls  inherent  to  any  branch  of  mathe- 
matical probability,  it  is  certainly  true  that  there  are  too  many 
errors  in  current  work  of  this  kind.  One  might  suppose  that 
astronomers,  with  whom  the  subject  is  a  century  old,  would 
be  open  in  small  degree  to  this  criticism.  But  it  appears  that 
some  are  content  to  learn  how  to  use  the  method  without  show- 
ing any  great  curiosity  regarding  the  underlying  principles. 
It  may  not  be  without  value  to  point  out  some  common  inac- 
curacies and  errors  that  the  writer  has  noticed. 

In  a  recent  number  of  the  Astronomische  Nachrichtcn  we 
read  the  following  definition :  "The  probable  error  means  that 
where  no  force  is  at  work  the  result  will  probably  differ  from 
zero  by  just  this  amount."  Evidently  this  is  a  recurrence  of 
the  time-honored  confusion  between  probable  error  and  "most 
probable  error."  The  former  is  such  that  the  chance  for  the 
real  error  exceeding  it  is  just  equal  to  the  chance  of  the  real 
err<>r  bein^'  less  than  it;  <  >r.  otherwise  stated,  if  p  he  the  prob- 
able error  i^\  an  observed  quantity.  ///.  then  there  is  an  even 
chance  that   the  true   value  of   ;;/   lies  between 

///  —  p  and  ;//  4-  p 

The  "most  probable"  error  is  always  zero,  for  this  is  onl\ 
another  way  of  stating  a  fundamental  assumption,  that  lar^e 
error:-  are  less  likely  to  occur  than  smaller  ones. 

Jt  should  he  noticed  that  there  is  another  definition  oi 
probable   error.— namely,   that    implied   in   the   expression 

±  o.6745\        ^':' 

A  a  ( n  —  i  ) 

which  is  not  quite  identical  with  the  former.  The  two  approach 
equality   only    when    //.    the    number   of   observations,    becomes 
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large.  For  example,  if  n  =  2  the  formula  gives  as  the  prob- 
able error  of  the  mean  about  one  third  of  (;//2  —  wj,  m2  and 
m !  being  the  two  observations.  It  is  easy  to  see,  however, 
that  the  former  definition  leads  to  one  half  of  (m2  —  mx)  as  the 
probable  error.  For  we  may  have  four  cases,  all  equally  likely 
to  occur : — 

(1)  ///,  and  m2,  each  greater  than  the  true  value. 

(2)  mx  greater,  and  ni2  less  than  the  true  value. 
(3 J  mi  greater,  and  ■m1  less  than  the  true  value. 
(4)  m1  and  ///.,,  each  less  than  the  true  value. 

Consequently,  there  is  just  an  even  chance  that  the  true  value 
lies  between 

///.,  +  mA      ;//o  —  in.        ,    ///.,  4-  //;,    ,    m2  —  wi, 

— ^- ! — and   — =— ! -J 

2  2  2  '  2 

According  to  the  former  definition,  then,  — 2 must  be 

the  probable  error  of  the  mean.* 

A  misleading  practice  that  one  sees  quite  often  is  exempli- 
fied by  the  following.  Suppose  we  have  three  determinations 
of  a  quantity  with  their  probable  errors : — 

100  zt  I 
no  ±3 

120  dr  2 

which  we  desire  to  combine  into  a  final  value.  It  is  quite 
usual  for  the  computer  to  obtain  the  weights  from  the  indi- 
cated probable  errors  and  to  combine  the  three  determinations 
accordingly  into 

104.5  =t  0.86 

This  process  ignores  the  existence  of  systematic  errors  (which 
in  this  case  are  so  evidently  present),  and  the  result  is  open 
to  criticism  on  two  accounts:  first,  the  adopted  mean  is  not 
the  best  that  can  be  gotten  from  the  data;  and,  second,  the 
probable  error  given  is  misleadingly  small.     Far  more  busi- 

*  A  rough  but  very  convenient  way  of  estimating  the  probable  error  of  the  mean  of  a 
small  number  of  observations  (not  over  five  or  six)  is  to  divide  twice  the  range  by  three 
times  the  number  of  observations.  By  the  range  we  mean  the  difference  between  the 
greatest  and  the  least  of  the  observed  quantities.     This  will  usually  give  a  sufficiently 


close  approximation  to  the  expression  o.6745\/ — — 

\  n  (h  —  1 
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nesslike  would  it  be  to  take  the  simple  mean  of  the  three  de- 
terminations and  to  estimate  the  probable  error  at  4  or  5. 

Another  irritating  practice  is  the  loose  employment  of  the 
word  "uncertainty."  Thus,  one  astronomer,  after  computing 
a  probable  error  of  o".oi2,  states  that  the  quantity  to  which  it 
is  attached  "is  subject  to  an  uncertainty  of  perhaps  o".02." 
It  is  doubtful  whether  this  writer  could  say  what  he  means  by 
"uncertainty,"  and  surely  the  word  will  convey  nothing  defi- 
nite to  his  readers.  This  usage  should  be  abandoned,  at  least 
until  a  precise  definition  is  given  to  the  word;  and  even  then 
it  would  be  inadvisable  to  use  it,  for  we  already  have  two 
errors  in  common  use,  the  mean  and  the  probable,  to  indicate 
the  reliability  of  a  quantity.  It  would  be  convenient  if  one 
of  these  two  could  be  employed  to  the  exclusion  of  the  other, 
for  now  it  is  necessary  to  specify  which  is  being  used  in  each 
particular  case.  German  astronomers  lean  toward  the  mean 
error,  and  Americans  toward  the  probable.  The  former  obvi- 
ates the  necessity  of  multiplying  by  0.6745;  but  this  small 
advantage  is  outweighed,  in  our  opinion,  by  the  fact  that  the 
probable  error  has  a  concrete  definition.  Any  person  of  fair 
intelligence  can  understand  what  probable  errors  are,  even 
though  he  knows  little  of  mathematics.  The  mean  error,  on 
the  other  hand,  has  an  exceedingly  technical  definition.  How- 
ever, if  one  of  these  errors  could  he  universally  adopted,  it 
would  he  a  matter  of  small  importance  which  should  prevail. 

Probably  owing  to  the  example  set  by  (Iaiss,  it  was  for- 
merly usual  to  give  probable  and  mean  errors  to  four  or  rive 
significant  figures.  This  practice  has  greatly  decreased,  but 
it  has  not  entirely  disappeared.  In  many  cases  two  figures 
are  ample,  and  it  is  difficult  to  imagine  a  case  where  more 
than    three   could   be   defended. 

An  error  more  serious  than  any  of  the  above  came  under 
the  writer's  notice  some  time  ago.  and  since  then  he  has  seen 
several  other  examples  of  it.  The  principle  involved  does  not 
seem  to  be  referred  to  in  any  of  the  standard  works  on  the 
subject.  Suppose  we  have  a  number  of  observation  equations 
(equations  of  condition}  involving  several  unknowns.  Let 
these  be  solved  by  the  method  of  least  squares,  and  the  result- 
ing values  of  the  unknowns  be  substituted  in  the  original  ob- 
servation equations,  giving  the  residuals  in  the  usual  way.    Xow. 
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considering  each  of  the  residuals  in  turn,  it  may  be  small  for 
either  of  two  reasons:  first,  because  the  corresponding  obser- 
vation was  an  accurate  one;  or,  second,  because  of  the  way 
in  which  the  coefficients  of  the  unknown  quantities  enter.  For 
example,  if  one  of  the  unknowns  rests  for  its  determination 
principally  upon  only  one  of  the  observation-equations,  then 
the  residual  for  that  equation  will  inevitably  be  small.  The 
error  to  which  the  writer  wishes  to  call  attention  results  from 
the  neglect  of  the  possibility  of  a  residual  being  small  for  any 
other  reason  than  that  the  observation  was  an  accurate  one. 
A  numerical  example  will  make  this  clearer.  We  will  suppose 
chat  we  desire  to  find  the  declination  (80)  at  1830  and  the 
proper  motion  (/x)  of  a  star  which  has  been  observed  in  1800, 
1830,  1840,  and  1850.  Assuming  as  a  first  approximation  that 
all  four  observations  are  equally  good,  we  solve  by  the  method 
of  least  squares  and  compute  the  residuals: — 

*'t  =  $o  — 30AA  — ^ 
z'a  =  K  —  K 

v3  =  S0+  IO/i  — 83 

Suppose  similar  computations  have  been  made  for  many  other 
stars  observed  at  the  same  dates,  and  that  it  is  found  that  the 
average  residual  for  the  observations  made  in  1800  is  about 
equal  to  the  average  residual  for  any  of  the  three  other  dates. 
It  would  be  a  gross  error  to  conclude  from  this  that  the  ob- 
servations made  in  1800  are  equally  accurate  with  the  others 
(yet  just  this  has  been  done  by  some  astronomers),  because 
the  proper  motions  depend  so  largely  on  the  earliest  observa- 
tion that,  other  things  being  equal,  we  are  bound  to  get  small 
residuals  for  that  date.  It  is  not  the  writer's  intention  to  go 
into  the  details  of  this  point  in  this  place.  It  will  suffice  to 
say  that  it  is  possible  to  compute  the  ratio  between  the  actual 
errors  of  observation  and  the  residuals,  for  any  given  set  of 
equations.  In  the  example  above,  these  are  respectively  for  the 
four  equations,  0.11,  0.75,  0.68,  and  0.46.  If  the  residuals  came 
out  on  the  average  proportionate  to  these  ratios,  then  only 
could  we  conclude  that  the  observations  were  of  equal  weight. 
One  other  kind  of  error  deserves  mention  before  closing 
this  note.  In  writing  down  our  equations  of  condition  we 
should  be  careful  to  let  the  measured  quantities  appear  just 
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as  we  observe  them.  Thus,  suppose  we  desire  to  find  x  and  y 
from  equations  of  the  form 

x  +  nxy  =  tnx 
x  +  n2  y  =  w2 
etc.,  etc. 
These  equations  are  evidently  equivalent  to 

y  -f-  a1  x  ^=  bx 

y  +  a2x  —  b2 

etc.,  etc., 

where   w,  =  — ,  »,  =  — ,  etc. ;  and  mx  =  — -,  ;//2  =— -,  etc. 
a,      m        a2  <*i  a-2 

In  general,  these  two  sets  of  equations,  if  solved  by  the  method 
of  least  squares,  will  give  two  different  values  for  x  and  two 
for  y.  The  first  set  should  be  used  if  mlf  m2  were  observed, 
and  the  second  set  if  blf  b2  were  observed.  Other  examples 
can  be  constructed  in  which  the  fallacy  is  not  quite  so  apparent 
as  in  the  above.  For  an  actual  case  the  reader  is  referred  to 
Nature  (Vol.  63,  page  489).  Frank  Schlesinger. 


Example  of  Personal  Seale. — In  connection  with  the  note 

which  appeared  in  the  la<t  number  of  these  Publications,  Mr. 
J.  A.  r.\kkii  rusi  has  kindh  communicated  the  results  <>f 
two  counts:  1  i  )  of  ic.jj  readings  i>\  a  photometer  scale;  and 
(  j)  of  1  14S  readings  ^\  a  micrometer.  The  first  column  below 
gives  the  estimated  tenth;   the  other  columns  are  percentages 
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ihe  nnlv  exception  in  the  latter  n>pcct  being  that  S's  are   pre- 
ferred to  j's.  F.    S. 
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During  1903  four  doctorates  in  astronomy  were  granted 
by  universities  in  this  country.  This  is  equal  to  the  average 
for  the  five  preceding  years.  The  recipients  of  these  four  de- 
grees and  the  titles  of  their  theses  are:  W.  A.  Hamilton 
(University  of  Chicago),  On  the  Convergency  of  the  Series 
in  the  Determination  of  the  Elements  of  Parabolic  Orbits  and 
the  Errors  Introduced  in  the  Elements  by  Imperfections  of  the 
Observations;  H.  K.  Palmer  (University  of  California),  An 
Application  of  the  Crossley  Reflector  of  the  Lick  Observatory 
to  the  Study  of  Very  Faint  Spectra;  Joel  Stebbins  (Univer- 
sity of  California),  The  Spectrum  of  o  Ceti;  J.  P.  McCallie 
(University  of  Virginia),  A  Problem  in  Periodic  Orbits,  Sec- 
ond Order  Perturbations  of  Jupiter  and  Saturn,  Independent 
of  the  Eccentricities  and  of  the  Inclinations. 


From  various  sources,  principally  Science,  we  gather  the 
following  items:  Dr.  Burt  L.  Newkirk,  a  graduate  ('97) 
of  the  University  of  Minnesota,  has  been  appointed  a  computer 
on  the  orbits  of  the  Watson  asteroids  at  the  University  of 
California.  Doctor  Newkirk  obtained  his  Ph.D.  last  year 
at  Munich,  his  thesis  being  a  photographic  determination  of  the 

parallax  of  the  central  star  in  the  annular  nebula  in  Lyra. 

Dr.  Charles  S.  Howe,  Professor  of  Astronomy  at  the  Case 
School  of  Applied  Science,  has  been  appointed  president  of 
that  institution. Professor  E.  C.  Pickering  and  Sir  Wil- 
liam Huggins  are  among  those  who  received  honorary  doc- 
torates at  the  recent  celebration  at  the  University  of  Heidel- 
berg.  Mr.  Arthur  R.  Hinks,  well  known  for  his  work  in 

astronomical  photography,  has  been  promoted  to  the  chief 
observership  at  Cambridge  Observatory,  England,  in  the  room 
of  Mr.  Graham,  who  has  retired  at  an  advanced  age.  Mr. 
W.  E.  Hartley  has  been  appointed  to  the  post  made  vacant  by 

Mr.  Hink's  promotion. M.  Leboeuf  has  been  appointed 

Professor  of  Astronomy  at  the  University  of  Besan^on. 

Professors  H.  H.  Turner  (of  Oxford)  and  W.  Kapteyn  (of 
Utrecht)  have  accepted  invitations  to  visit  this  country  as 
representatives  of  astronomy  at  the  congress  which  is  to  be 
held  at  the  St.  Louis  Fair.    Among  the  mathematicians  who 

have    accepted    similar    invitations    is    Poincare. H.   L. 

Smith,  Professor  of  Astronomy  and  Physics  in  Hobart  Col- 
lege, died  on  August  1st. 
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Prosper  Henry,  astronomer  adjoint  at  the  Paris  Observa- 
tory, died  on  July  25th,  at  Pomogen  in  the  French  Alps,  as  a 
result  of  exposure  to  extreme  cold.  The  two  brothers,  Pros- 
per and  Paul,  have  been  connected  with  the  Paris  Observa- 
tory for  nearly  forty  years,  and  have  taken  a  great  part  in  the 
recent  work  of  that  institution.  It  is  said  that  there  is  not  an 
instrument  in  the  observatory  that  the  Henrys  have  not  made 
or  remodeled.  Very  rarely  has  one  of  the  brothers  published 
anything  apart  from  the  other,  and  their  work  is  so  interwoven 
that  probably  no  one  knows  just  what  is  due  to  the  one  and 
what  to  the  other.  An  illustration  of  this  will  be  found  in 
their  discoveries  of  minor  planets.  The  first  of  these  is  cred- 
ited to  Prosper,  the  next  to  Paul,  the  next  to  Prosper, 
and  so  on  through  the  whole  fourteen.  The  Henrys  will 
no  doubt  be  remembered  longest  for  the  share  they  took 
in  bringing  about  the  Astrophotographic  Catalogue.  Their 
other  important  work  consists  in  the  making  of  lenses 
and  plane  mirrors,  asteroid  discoveries,  discovery  of  nebulae 
in  the  Pleiades,  method  for  reducing  photographic  star 
positions,  and  many  other  researches  in  astronomical  pho- 
tography.    F.  S. 

On  May  2,  1903.  ground  was  broken  for  the  erection  of  a 
new  observatory  at  Amherst  College.  The  plans  contemplate 
a  structure  one  hundred  and  fifty  feet  long,  east  and  west, 
surmounted  by  three  domes,  the  central  one  to  contain  an  equa- 
torial refractor  with  a  lens  eighteen  inches  in  diameter.  This 
telescope  is  now  in  the  process  of  construction  by  the  Alvan 
Clark  &  Sons  Corporation. 


Number  III  of  volume  XLYII1  of  the  Annals  of  Harvard 
College  Observatory,  containing  a  Provisional  Catalogue  of 
Variable  Stars,  forms  a  very  welcome  addition  to  variable-star 
literature.  The  last  preceding  catalogue,  Oiandi.kk's  third, 
was  published  in  iSon,  and.  as  the  number  oi  variable  stars  ha> 
increased  largely  since  that  time,  it  had  become  impossible,  un- 
less one  kept  up  a  card  catalogue,  to  keep  properly  informed 
of  the  advances  in  this  work. 

Schonit.ld's    first    catalogue    (1S05)    contains    113    stars; 
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Chandler's  third  catalogue  (1896),  393  stars;  while  in  the 
present  catalogue  1,227  stars  are  included,  509  of  which,  how- 
ever,' are  the  variables  discovered  by  Professor  Bailey  in  clus- 
ters. In  constructing  this  catalogue  Professor  Pickering  has 
departed  from  the  guiding  precepts  used  for  other  catalogues, 
and  has  included  many  stars  whose  variability  has  not  yet  been 
confirmed,  claiming  that  it  is  better  to  include  some  stars  not 
variable  (definite  names  having  not  yet  been  assigned)  than 
to  exclude  some  which  are  variable.  This  position  is  certainly 
correct,  especially  for  a  provisional  catalogue.  One  of  the 
chief  uses  of  a  variable-star  catalogue  is  to  guide  the  observer 
in  making  up  the  observing  list.  It  should  therefore  contain, 
in  my  opinion,  not  only  a  list  of  the  certainly  recognized 
variables,  but  a  list,  preferably,  supplementary,  of  all  stars  ever 
suspected  of  variability,  even  though  observations  may  have 
shown  that  for  a  considerable  length  of  time  the  star  was  con- 
stant in  light. 

*  A  new  form  of  designation  has  been  introduced  into  the 
catalogue,  consisting  of  six  figures  which  give  the  approximate 
position  of  the  star.  The  first  two  figures  are  those  of  the 
hour,  and  the  next  two  those  of  the  minutes  of  Right  Ascension 
of  the  star  for  1900.  The  last  two  figures  give  the  degree  of 
Declination.  South  Declination  is  indicated  by  printing  the 
figures  in  italics.  The  designation  of  the  first  star  of  the 
catalogue  is  000339,  which  means  R.  A.  oh  3m,  Dec.  —  390. 
In  defense  of  this  system  Professor  Pickering  states  as  fol- 
lows :  "A  new  form  of  notation  is  proposed  with  much  hesi- 
tation, but  it  has  been  found  so  convenient  in  actual  use  here 
that  it  has  been  retained.  It  aims  to  furnish  a  distinctive 
designation  for  any  star,  which  will  not  be  too  long  to  be 
readily  retained  in  the  memory,  and  yet  will  give  the  position 
with  sufficient  precision  to  give  the  approximate  setting  for  a 
visual  or  photographic  telescope,  or  to  decide  whether  the  ob- 
ject is  conveniently  situated  for  observation." 

It  might  be  stated,  however :  First.  It  is  not  at  all  certain 
that  six  figures  can  be  readily  retained  in  the  memory  for  any 
considerable  length  of  time, — for  instance,  while  one  is  making 
observations  of  the  variable.  I  believe  it  will  be  generally 
admitted  that  the  average  person  of  astronomical  training  will 
retain  four  figures  without  effort.     But  when  the  number  of 
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figures  reaches  six,  I  believe  that,  in  general,  a  distinct  mental 
effort  will  be  necessary  to  retain  them.  Any  one  accustomed 
to  using  logarithms  knows  how  much  more  mental  effort  is 
required  in  using  six-place  tables  than  in  using  four-place 
tables,  although  of  course  considerable  of  this  added  effort 
comes  in  making  the  interpolations. 

Second.  If  the  observer  is  working  with  a  telescope  larger 
than  four  inches,  he  will  desire  for  setting  purposes  a  declina- 
tion more  accurate  than  the  nearest  degree. 

Third.  It  will  be  necessary  for  the  observer  in  recording 
observations  to  adopt  some  symbol  to  denote  South  Declination. 
This  will  require  added  effort,  and  the  omission  of  the  symbol 
may  lead  to  confusion  between  north  and  south  stars.  It 
should  be  stated,  however,  that  this  last  is  a  theoretical  rather 
than  a  practical  objection,  for  in  the  catalogue  under  considera- 
tion there  are  only  two  instances  of  two  stars,  one  north  and 
one  south,  having  the  same  designation. 

Fourth.  It  will  very  seldom  happen  that  one  will  have  at 
hand  the  designation  of  the  variable  and  not  its  coordinates 
also;  and  if  one  wishes  to  see  whether  or  not  the  star  is  in 
position  for  observation,  it  will  be  more  convenient  to  refer 
to  the  columns  of  Right  Ascension  and  Declination  than  to  the 
designation -number. 

Fifth.  Although  good  tor  a  great  many  years,  the  position 
given  in  the  designation -number,  because  referred  to  the  epoch 
of  1900,  would  ultimately  nut  be  sufficiently  exact  for  setting 
purposes.  Our  successors  of  the  twenty-first  and  following 
centuries  may  get  tired  of  referring  to  the  epoch  of  1900. 

Chandler's  system  of  designating  variable  stars  has  been 
pretty  generally  adopted,  and  should  be  retained,  I  believe, 
until  one  is  proposed  which  is  distinctly  and  unmistakably 
better. 

The  new  catalogue  contains  two  columns  not  found  in 
Chandler's  catalogues.  The  one  gives  the  class  to  which  the 
variable  belongs,  the  classification  being  that  proposed  by  Pro- 
fessor Pjc  KLKiNd  in  1880;  the  other  designates  the  spectrum 
of  the  variable,  the  notation  employed  being  the  same  as  that 
used  in  the  Draper  catalogue. 

Copious  notes  and  several  supplementary  tables  follow  the 
catalogue. 
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An  examination  of  this  catalogue  reveals  the  vast  amount  of 
work  that  variable-star  observers  have  before  them.  Some  of 
the  columns  are  conspicuous  for  their  incompleteness.  There 
are  listed  in  the  catalogue,  excluding  new  stars  and  variables 
in  clusters,  286  stars  whose  periods  are  only  approximately 
known  or  wholly  unknown. 

S.  D.  T. 
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Konigstuhl-Heidelberg,  herausgegeben  von  Dr. 
Max  Wolf.  Erster  Band.  Karlsruhe,  G.  Braun. 
1902. 

This  interesting  volume  is  the  first  of  the  publications  of 
this  observatory  under  its  new  regime.  Wisely  limiting  itself 
to  one  chosen  field,  the  observatory  has  produced  a  volume 
which  entitles  it  to  a  high  rank  as  an  institution  of  definitely 
concentrated  research.  A  full  description  of  the  buildings  and 
instruments  is  left  for  a  subsequent  volume.  Provided  as  it  is 
with  two  Voigtlander  6-inch  cameras  and  the  two  great  16-inch 
Bruce  photographic  lenses,  the  Konigstuhl  Observatory  is  sin- 
gularly well  equipped  for  stellar  and  planetary  photography. 
It  is  unnecessary  here  to  mention  Dr.  Wolf's  successful  work 
on  the  asteroids. 

As  a  field  in  which  comparatively  little  has  been  done,  the 
Konigstuhl  Observatory  has  fixed  upon  the  photography  and 
accurate  cataloguing  of  nebulae  as  its  main  work,  and  it  is 
to  this  subject  that  the  present  volume  is  largely  devoted.  A 
rapid  and  accurate  method  was  needed  to  measure  the  posi- 
tions of  the  large  number  of  small  nebulae  discovered  photo- 
graphically, and  a  parallactic  measuring-engine  on  the  lines 
proposed  by  Kapteyn  was  procured.  In  connection  with  the 
First  Konigstuhl  List  of  154  Nebulae,  a  description  of  the  in- 
strument is  given  by  Dr.  Wolf,  with  an  investigation  of  the 
errors  of  the  screws  and  circles.  The  method  of  the  parallactic 
measuring-engine  is,  in  brief,  as  follows:  Let  us  suppose  the 
measuring-microscope  to  be  mounted  as  a  small  equatorial  and 
the  photographic  plate  to  be  placed  at  a  distance  from  it  equal 
to  the  focal  length  of  the  lens  with  which  it  was  taken.  Then, 
if  the  photographic  plate  is  placed  in  a  position  which,  as  seen 
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from  the  little  measuring-equatorial,  is  of  the  same  hour-angle 
and  declination  as  was  the  region  of  the  sky  at  the  time  of  the 
exposure,  we  can  with  the  equatorially-mounted  microscope 
read  off  the  positions  of  objects  directly  in  differences  of  Right 
Ascension  and  Declination,  much  as  would  be  done  with  an 
equatorially-mounted  telescope  fitted  with  a  filar  micrometer. 
In  practice  the  equatorially-mounted  microscope  is  placed  with 
its  polar  axis  horizontal,  and  is  provided  with  a  third  vertical 
axis  for  convenience. 

Dr.  Schvvassman,  after  treating  very  fully  the  theory  of 
the  apparatus,  has  used  it  in  the  preparation  of  the  Second 
Konigstuhl  List  of  301  Nebulae,  employing  the  full  and  rigor- 
ous methods  demanded  by  the  theory  in  the  case  of  plates  of 
large  area.  This  second  list  contains  the  positions  for  1900  of 
301  nebulae  in  Virgo.  The  employment  of  the  full  formulae 
must  have  consumed  a  very  great  deal  of  time  in  both  measure- 
ment and  reduction,  and  such  refinement  would  seem  entirely 
unnecessary  in  objects  of  the  definition  of  an  ordinary  nebular 
patch,  and  in  plates  of  this  area,  where  the  images  of  ninth- 
magnitude  stars  are  about  47"  in  diameter.  Dr.  Schvvassman 
finds  for  the  mean  error  of  a  position 

ma  =  ±  0*.  16  ?«§  =  it  1".  8 

and  a  comparison  with  micrometer  results  shows  that  the  ac- 
curacy of  the  coordinates  in  Right  Ascension  is  of  the  same 
order  ni  magnitude  as  that  i^i  direct  micrometer  measures, 
while  the  accuracy  in  .Declination  is  slightly  inferior. 

In  a  later  paper  in  the  same  volume  Dr.  Wolf  gives  the 
Third  Konigstuhl  List  of  Xcbuke,  comprising  1,528  nehuke 
near  the  pole  of  the  Milky  Way.  l.y  using  more  approximate 
methods,  and  neglecting  the  full  and  rigorous  formuke  of 
Kaitf.yn's  method,  a  great  saving  of  time  was  effected  without 
appreciable  lo>s  of  accuracy.  Dr.  Wm.F  estimates  the  error  of 
a  position  in  the  third  list  as  somewhat  larger  than  os.  1  and  1  ".«..•. 
As  to  the  time  consumed,  about  eight} -two  hours  were  spent  in 
the  actual  measurement,  so  that  the  positions  of  1.528  nehuke 
to  the  above  degree  of  accuracy  were  secured  in  a  few  weeks, 
whereas  had  the  full  and  rigorous  method  employed  bv  Dr. 
S(  liWASSMAN  beui  Used  it  would  have  been  several  Years.  (  )f 
these   1.528  nebula'  only  one  in  nineteen,  or  about  live  per  cent, 
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were  previously  known,  confirming  Keeler's  conclusions 
(Astro physical  Journal,  vol.  XI,  p.  325)  as  to  the  enormous 
number  of  these  small  objects.  A  map  is  given  showing  the 
density  of  the  grouping  of  these  nebulae  about  the  pole  of  the 
Milky  Way,  and  Dr.  Wolf  states  that  he  knows  of  no  other 
region  where  nebulae  are  so  thickly  clustered,  there  being  at 
the  densest  portion  no  fewer  than  seventy  in  one  sixteenth  of 
a  square  degree.  Another  point  of  interest  brought  out  in  this 
investigation  is,  that  the  large  majority  of  the  position-angles 
of  the  axes  of  "long"  nebulae  are  grouped  about  6o°. 

Dr.  Carnera  investigates  the  light-curve  of  the  variable 
star  S  Lconis  by  photographic  methods.  The  method  used 
was  that  of  the  measurement  of  the  diameters  of  the  star-disks 
on  the  photographic  plates.  Numerous  precautions  were  taken 
to  avoid  the  errors  which  may  so  easily  arise  in  this  method, 
and  plates  were  taken  of  the  region  of  the  variable,  the 
Pleiades,  and  the  Pole  at  the  same  angle  of  elevation  above  the 
horizon.  Chandler's  period  and  light-curve  is  confirmed. 
Dr.  Carnera  gives  also  a  number  of  photographic  positions  of 
Eros. 

Mr.  A.  KorFF,  in  an  interesting  paper,  gives  an  investiga- 
tion from  the  negatives  of  two  regions  of  the  phenomenon,  first 
noted  by  Herschel,  that  the  regions  about  many  nebulae  are 
relatively  starless.  The  regions  investigated  are  those  about 
the  Nebula  in  Orion  and  the  great  "America"  Nebula.  A  count 
of  the  stars  was  made,  showing  that  each  of  these  is  surrounded 
by  a  veritable  star-desert,  the  Orion  Nebula  lying  near  the 
northwest  and  the  America  Nebula  near  the  northeast  end  of 
the   relatively   starless   tracts   surrounding  them. 

H.  D.  C. 
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THE    GREAT    SUXSPOT    OF    OCTOBER,    1903. 
By  Rose  O'Halloran. 

The  recent  sunspot  cycle  has  been  of  unusual  duration, 
though,  according  to  data  revised  by  Professor  A.  Wolfer,  not 
beyond  the  limit  of  variations  previously  noted.  Twelve  and  a 
half  years  elapsed  between  the  extreme  of  the  minimum,  in  the 
winter  of  1890  and  that  of  September,  1902,  when  it  became 
evident  to  telescopic  observers  of  the  solar  surface  that  a  slow 
but  steady  increase  of  spottedness  had  commenced ;  while 
the  incoming  maximum  of  the  summer  of  1891  antedates  by 
twelve  and  one  quarter  years  the  corresponding  stage  so  con- 
spicuous in  October  last.  Not  since  September,  1898,  has  such 
an  enormous  formation 
discolored  the  white  sur- 
face of  the  Sun. 

In  a  four-inch  tele 
scope  it  was  first  visible 
un  the  morning  of  Oc- 
tober 5th,  while  the  east- 
erly umbra  was  still  in  li 
contact  with  the  limb, 
and  the  branching  pe- 
numbra was  seen  at  par- 
allel lines  slanting  in  a 
northeast  direction.  A 
daily  record  of  the  con- 
dition of  the  solar  sur- 
face shows  that  the  tract 

was  unspotted  during  the  Large  Sunspot,  Oct  8,  1903,  9  a.  m. 

preceding  rotation.  (Screen  Image.) 
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On  October  6th  seven  distinct  umbrae  were  noticeable,  which 
were  increased  to  eleven  on  the  day  following,  and  on  the  8th 
at  least  sixteen  were  strewn  over  the  treelike  penumbra.  Hav- 
ing then  emerged  from  the  atmospheric  haze  of  the  solar  limb, 
it  was  clearly  visible  without  magnifying  power,  and  when 
midway  across  the  disk  the  main  unbroken  section  measured 
about  1 30.000  miles,  with  an  average  width  of  30.000.  The  cen- 
tral pan  extended  in  south  heliographic  latitude  thirty-five 
degrees,  its  slow  journey  of  nearly  fourteen  days  from  limb  to 
limb  also  corresponding  with  this  distance  from  the  solar 
equator.  Changes  continued  from  day  to  day,  and  its  largest 
midway  phase,  on  October  1 1  th,  was  altered  in  general  outline, 
some  nuclei  having  united,  others  having  divided,  while  the  en- 
circling penumbra  was  more  compact,  though  still  mingled 
with  clear  photospheric  areas.  Then  some  mighty  force  gained 
sway  in  the  region  during  the  night,  and  when  the  12th  dawned 
the  vast  penumbra  was  rent  crosswise  in  nearly  equal  parts. 
The  intervening  field  of  photospheric  matter,  about  30,000  miles 
in  width  was  rhomboidal  in  form,  with  remarkably  even  angles, 
only  one  penumbral  remnant,  like  an  islet  in  a  channel,  surviv- 
ing the  swift  symmetrical 
A'  severance.    As   the    fornia- 

1  ::■■"•!!   advance'!    in   the    we-* 

*  ev.a'..raut.  a  <.ecrea-e  in  ;:a. 

nr.iinr    <"•:     nuclei     and     a 

i  flgft  general  "incline  were  n>>tice- 

V  h  '"^  ■.  /;        able,   hi;:   the   wide   rift    \va» 

still  apparent  until  the  R»:h. 
when  the  furem- >>t  secth'ii 
r.ad  disappeared  at  the  west 
limh.  On  the  17th  the 
remaining  part  was  still 
A  .     •  «li>tinctlv    seen,    and    ahout 

■&  r-^»  I  hi  teen    decrees   in    the    rear 

*\'"        %  1  r 

*^~^^  was     a     new     addition,     a 

'^wft^  small  taint  spot,  destined 

he  conspicuous   in   the   suc- 
ceeding   rotation.      On    the 
I(  ().    ,,,,,,,      morning  following  the  lan?e 


& 


( .),.-? 


(Scrrrr,   Imauc.)  sections    had    passed     fruin 
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view.  In  due  time,  twenty-seven  days  from  its  first  appearance, 
a  field  of  facula?  and  a  slight  irregularity  in  the  contour  of 
the  limb  was  discernible  far  to  the  south.  This  was  on 
the  1st  of  November,  10:30  a.m.  At  noon  the  penumbra 
was  visible,  and  at  4  p.m.  the  foremost  umbra  as  a  faint 
dark  line.  As  the  two  sections  advanced,  they  were  seen 
to  be  much  decreased  in  size  and  changed  in  form,  but 
several  degrees  in  the  rear  was  a  large  scattered  group, 
probably  a  development  from  the  small  spot  above  mentioned. 
When  central  in  the  southerly  zones,  this  addition  was  about 
70,000  miles  in  length,  and  made  the  group  again  visible  to  the 
unaided  eye  on  clear  days.  Even  more  distinct  was  a  conspicu- 
ous group  with  large  umbrae  in  north  latitude  150  that  had 
appeared  on  the  east  limb  on  the  29th  of  October,  while  near 
the  southwest  limb  was  a  rather  large  group  that  had  come  in 
on  the  25th  of  the  same  month. 

Though  larger  spots  have  been  seen  than  any  one  of  these 
three,  the  extent  of  spotted  area  at  one  time  has  not  been 
equaled   since    1894. 


PLANETARY    PHENOMENA    FOR    JANUARY    AND 
FEBRUARY,  1904. 


By  Malcolm  McNeill. 


PHASES   OF    THE    MOON,    PACIFIC    TIME. 


Full  Moon,      Jan.  2,  9b47mp.M. 

Last  Quarter,      **  9,  1  10   p.m. 

New  Moon,         **  17,  7  47  a.m. 

First  Quarter,     "  25,  12  41    p.m. 


Full  Moon,     Feb.  1,  8h  33  m  a.m. 

Last  Quarter,     "  8,  1  56     a.m. 

New  Moon,       "  16,  3  5     a.m. 

First  Quarter,    ••  24,  3  9     a.m. 


The  year  1904  is  a  leap-year,  the  first  since  1896,  and  the 
regular  succession  of  leap-years  every  fourth  year  will  not  be 
interrupted  until  the  year  2100. 

The  Earth  is  in  perihelion  January  2d,  8  p.m.,  Pacific  time. 

Mercury  is  an  evening  star  at  the  beginning  of  January, 
having  reached  its  greatest  east  elongation,  190  30',  just  before 
midnight  on  December  31st.  The  elongation  is  not  a  very  large 
one,  as  the  planet  passes  perihelion  only  a  few  days  later,  on 
January  10th,  but  it  remains  above  the  horizon  for  an  hour  and 
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a  half  after  sunset  on  January  1st,  and  may  be  easily  seen 
shortly  after  sunset  under  good  weather  conditions.  It  rapidly 
approaches  the  Sun.  and  can  be  seen  as  an  evening  star  for 
only  a  few  days.  It  reaches  inferior  conjunction  on  January 
17th,  and  becomes  a  morning  star,  attaining  greatest  west 
elongation  on  the  morning  of  February  ioth.  This  elongation, 
25°  52',  is  much  larger  than  the  east  elongation  of  January,  as 
Mercury  is  nearly  at  aphelion  ;  but  as  the  planet  is  50  south  of 
the  Sun  the  interval  between  the  rising  of  the  planet  and  of  the 
Sun  is  about  the  same  on  February  1st,  and  continues  to  be 
as  much  as  an  hour  until  nearly  February  20th.  Mercury  is 
in  rather  close  conjunction  with  Saturn  on  the  morning  of  Feb- 
ruary 26th,  the  former  being  o°  49'  south  of  the  latter  at  the 
time  of  nearest  approach,  o,  p.m.,  February  25th.  They  are 
both  rather  too  near  the  Sun  to  be  seen  with  the  naked  eye, 
except  in  especially  fine  weather. 

1'cmts  is  a  morning  star,  rising  three  and  cr.e  half  hours 
before  sunrise  on  January  1st ;  but  its  more  rapid  eastward  mo- 
tion among  the  stars  brings  it  nearer  the  Sun,  and  by  the  end 
of  February  it  rises  only  about  an  hour  and  one  half  before 
sunrise.  On  the  morning  of  January  nth  it  passes  the  first- 
magnitude  star  .lutarcs,  a  Scorpii,  about  j°  north  of  the  star. 
It  passes  less  than  2  n<»rth  of  /  ranus  on  January  28th;  on  the 
evening  of  February  12th  it  is  4  south  of  the  Moon,  and  at  t  be- 
en d  of  the  month  it  is  a  little  east  of  Saturn. 

The  year  KJ04  is  a  poor  one  for  observations  of  Mars,  as  it 
is  going  through  the  part  of  its  orbit  which  is  farthest  away 
from  the  Karth.  However,  its  direction  is  still  far  enough  away 
from  that  of  the  Sun  so  that  it  may  he  easily  seen  as  an  evening 
star.  It  does  not  set  until  about  three  hours  after  sunset  on 
January  1st,  and  at  the  end  of  February  a  little  less  than  two 
hours  after.  Its  rapid  eastward  and  northward  motion  among 
the  stars  has  the  rather  unusual  effect  of  making  its  time  of 
setting  almost  exactly  the  same  for  the  whole  two  months' 
period,  the  whole  range  being  from  J  :$?  to  J  :$$  p.m.,  local 
mean  time.  It  passes  the  vernal  equinox  about  noon  on  Feb- 
ruary 2f'>th,  about  o  40'  south.  Also,  on  the  evening  of  Feb- 
ruary 25th.  it  is  in  close  conjunction  with  Jupiter,  being  about 
o  30'  north  of  the  latter.  This  distance  is  about  the  apparent 
diameter  of  the  Sun  or  Moon. 
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Jupiter  is  also  an  evening  star,  and  is  in  comparatively  good 
position  for  observation  until  March  1st.  It  does  not  set  until 
well  after  10  p.m.  on  January  1st,  and  at  a  little  before  7:30  on 
February  29th.  During  the  two-month  period  it  moves  about 
u°  eastward  and  50  northward,  passing  the  vernal  equinox 
about  i°  southward  on  February  28th.  There  will  be  a  near 
approach  to  the  Moon  on  the  evening  of  February  18th.  Its 
conjunction  with  Mars  on  February  25th  has  already  been 
mentioned. 

Saturn  will  be  too  near  the  Sun  for  easy  observation  during 
the  greater  part  of  the  period.  At  the  beginning  it  is  still  an 
evening  star,  setting  about  two  hours  after  the  Sun,  but  passes 
conjunction  and  becomes  a  morning  star  on  February  1st.  By 
the  end  of  the  month  it  rises  about  an  hour  before  sunrise.  It 
can  then  be  seen  with  the  naked  eye  if  the  weather  is  very  clear; 
but  it  cannot  be  seen  as  near  the  Sun  as  Jupiter  or  Venus,  as 
these  are  much  brighter.  Its  conjunction  with  Mercury  on  the 
night  of  February  25~26th  has  been  mentioned. 

Uranus  is  a  morning  star,  rising  at  about  an  hour  before 
sunrise  on  January  1st,  and  at  a  little  before  3  a.m.  on  Febru- 
ary 29th.  It  is  so  faint  that  it  cannot  easily  be  seen  until  it  is 
two  hours  or  more  above  the  horizon. 

Neptune  is  an  evening  star,  or  rather  it  is  both  evening 
and  morning  star,  having  passed  opposition  with  the  Sun  on 
December  27th,  and  being  above  the  horizon  nearly  the  entire 
night.     It  is  in  the  western  part  of  Gemini. 


NOTICES  FROM  THE   LICK   OBSERVATORY- 


PREPAkED  BY   M 


OF  THE  STAFF. 


New  DoCBLE  Stabs. 

The  continuation  of  my  systematic  search  for  new  double 
stars  has  resulted  in  the  discovery  of  about  two  hundred  addi- 
tional pairs,  bringing  the  total  number  so  far  found  up  to 
about  six  hundred  and  thirty.  The  positions  of  all  these  new 
pairs,  with  detailed  measures,  will  soon  be  published  in  the 
Lick  Observatory  Bulletins, 

I  wish  here  to  call  attention  to  only  a  few  of  them  which 
seem  to  be  of  special  interest.    The  positions  are  for  1900.0. 

R.  A.,  2b  54*  46*;  Decl .,  —9=  49'. 

A  and  B. 

1903.80        309^.8  3*.64        8.1-13.5        3a 

A  and  C  =  h  3545. 

1903.79  66* .8        4J"86        8.0-  9,0        in 

The  wide  Herschel  pair  is  of  no  interest  as  a  double  star; 
the  new  companion  is  too  faint  to  measure  with  the  12- inch 
telescope.        R   A    ^  ^  ^  DecL  „7>  u' 

A  and  B. 

1903.80  289  °.  1  0^.32        9.0-  9.2        311 

AB  and  C  =  /3  542. 
1903.80        I90°,6  1  ".56        8,6-  9,5        30 

The  ft  pair  shows  no  evidence  of  motion,   Burxi 
measures  with  the  36-inch  in  1892  giving  I92°.5  and  i*.5o. 

But  if  the  new  pair  had  been  as  easy  at  that  time  as  it  is  now,  it 
could  not  have  escaped  detection.  The  probability  therefore  is, 
that  it  is  a  binary  in  fairly  rapid  motion, 


*  Lick  Ailrotiuminil  Department  of  the  University  of  California. 
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R.  A.,  8h  im3/s;  Decl.,  —  8°  57'. 

B  and  C. 

1903.82        324°.8  r.17        8.5-12.0         in 

A  and  B  =  2  1183. 
1903.82        326°.8        3o".48        6.0-  8.5        in 

The  wide  Struve  pair  is  fixed.  The  new  companion  is  not 
a  difficult  object,  and  should  have  been  seen  before,  unless  the 
distance  has  been  less  than  at  present.  There  are  several  other 
faint  stars  within  30"  of  B. 

R.  A.,  4h  55m  419;  Decl.,  +  280  9'. 
1903.84        3i7°-3  C.48        8.0-12.0        2n 

R.  A.,  4h  59111  24s;  Decl.,  —6°  10'. 
x9°3-83        357°°  °"-24        7-0-  8.0        4n 

R.  A.,  5h  38m  29;  Decl.,  —6°  51'. 
1903.80         I2i°4  o".i4        6.9-  7.8        4n 

R.  A.,  2ih  i6m  29s;  Decl.,  +  90  55'. 
1903.84        272°.5  o".i8        7.0-  7.0        3n 

R.  A.,  2ih  50m  32s;  Decl.,  +  430  35'. 
1903.68        247°.3  o".2o        8.0-  8.1        311 

These  five  pairs  well  illustrate  the  efficiency  of  the  large 
telescope  for  this  class  of  work.  Under  good  conditions  the  36- 
inch  shows  them  all  so  distinctly  that  good  measures  can  be 
made  without  special  difficulty.  The  first  pair  is  the  most 
difficult  one,  and  it  is  doubtful  whether  it  could  be  measured 
with  a  much  smaller  aperture.  The  fifth  pair  was  noted  as 
"double?"  with  the  12-inch.  The  fourth  pair  forms  the  6.5- 
magnitude  star  7m  following  and  20'  north  of  8  Equnlci  and  be- 
longs, as  do  also  the  second  and  third  pairs,  to  the  class  of 
double  stars  in  which  we  expect  to  find  rapid  orbital  motion. 

That  not  all  the  new  pairs  are  so  difficult  is  shown  by  the 
following  example,  which  would  be  an  easy  pair  for  a  good 
six-inch  telescope : — 

R.  A.,  2h  $7m  56s;  Decl.,  —6°  55'. 
1903.75         no°.8  r.50        8.4-  8.5        3n 

November   12th,  1903.  R.   G.   AlTKEN. 
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The  D.  O.  Mills  Expedition  to  Chile. 

The  installation  of  the  D.  O.  Mills  Expedition  to  the  South- 
ern Hemisphere  was  no  doubt  completed  in  October.  The 
observatory  is  erected  on  the  summit  of  San  Cristobal,  in  the 
northeast  suburbs  of  Santiago.  Its  elevation  above  the  city  is 
about  950  feet,  the  altitude  of  Santiago  above  sea-level  being 
1,800  feet.  The  buildings,  dome,  reflecting  telescope,  spec- 
troscope, etc.,  were  in  place  early  in  September,  and  the  latest 
mail  advices  stated  that  the  electric  line  to  supply  current  for 
maintaining  the  spectroscope  at  a  constant  temperature  was 
under  construction.  The  length  of  the  line  from  the  summit  to 
the  electric  plant  at  the  base  of  the  hill  is  one  kilometer. 

The  expedition  reached  Chile  just  at  the  breaking  out  of  a 
series  of  labor  troubles.  This  and  the  storms  of  winter  made 
the  construction  of  the  observatory  one  of  considerable  diffi- 
culty. At  the  time  of  last  writing,  October  9th,  Astronomer 
Wright,  in  charge,  reported  that  spectrograms  had  been 
secured  for  determining  the  velocities  of  twenty  or  more 
stars. 

It  is  expected  that  a  full  account  of  the  expedition,  accom- 
panied by  illustrations  of  buildings  and  instruments,  will  be 
available  for  publication  in  the  near  future.  \Y.  \Y.  C. 

Tin;   \i;\\    \  aui ai'.ij  .   5<j.i(;<>,}  C  vc,.\i. 

The  new  variable  in  Ly^nits.  first  announced  bv  Wolf  as  a 
nova,  and  later  identified  as  l)M  4"  .v  -3^7()  by  I>akxaki>.  was 
observed  here  with  the  u-inch  equatorial  telescope  for  magni- 
tude and  position  on  (  )ctobcr  5th.  Comparison  was  made  both 
with  photometer  and  microm-ter  with  the  Lund  A.  (  i.  star  i)2$j 
(8m.<;  ).  Applying  the  necessar\  correction  of —  1'  to  the  cata- 
logued Declination  of  this  star  (announced  by  Professor  11.  A. 
1  low '!■:.   in  .  /.  J.   5-|N),   the  resulting  position   is: — 

a  1903.0.  joh  14'11  57s.oi  8  i<)!>3.o.  -\-  3-    oS'  47". 5 

The  magnitude  observations  were  made  with  the  wedge 
photometer  designed  by  Professor  K.  C.  1'u  kkkim;  for  the 
determination  of  faint  stellar  magnitudes.  The  wedge  constant 
and  the  absorption  of  the  shade-glasses  have  not  yet  been  accu- 
rately determined.     The  provisional   values  tised.  however,  are 


Astronomical  Society  of  the  Pacific.           245 

perhaps  not  more  than  ten  per  cent  in  error.     Following  are 
the  observed  magnitudes: — 

G.    M.    T. 

Oct.     5d72  IOm.2 

12  .84  10  .5 

16  .81  10  .8 

22  .75  10  .5 

Nov.     6  .76  10  .6 

Nov.  23,  1903.  James  D.  Maddrill. 


Visitor  to  thk  Lick  Observatory. 

Professor  C.  Miciiie  Smith,  Director  of  the  Kodaikanal 
Observatory,  India,  visited  Mt.  Hamilton  in  November.  The 
Kodaikanal  Observatory  has  been  under  construction  for  sev- 
eral years  past,  and  the  equipment  is  Hearing  completion.  It  is 
located  on  the  summit  of  one  of  the  principal  peaks  in  the 
Palani  Hills,  in  the  Madras  Presidency,  at  an  elevation  of  7.700 
feet.  Director  Smith's  plans  are  to  limit  the  work  almost 
wholly  to  the  study  of  the  Sun. 

Professor  Smith  is  also  in  charge  of  the  Madras  Observa- 
tory, now  devoted  largely  to  the  meteorological  and  time 
services,  the  climate  of  Madras  not  being  favorable  for  astro- 
nomical investigation.  His  visit  to  the  Lick  Observatory  was 
a  source  of  pleasure  to  all  the  members  of  the  staff. 

w.  w.  c. 


GENERAL    NOTES. 


The  Longitude  of  Honolulu. — Mr.  John  F.  Hayford  pre- 
sented to  the  Philosophical  Society  of  Washington  on  October 
10,  1903,  an  account  of  the  various  determinations  of  the  longi- 
tude of  Honolulu  that  have  been  made  since  1555.  Assuming* 
as  correct  the  recent  determination  by  the  telegraphic  method 
of  the  difference  of  longitude  of  San  Francisco  and  Honolulu,, 
which  gives  the  position  of  the  Transit  of  Venus  pier  at  Hono- 
lulu as  ioh  3im  27B.24  west  of  Greenwich,  Mr.  Hayford  gives 
a  table  showing  the  errors  of  earlier  determinations.  It  is  very 
interesting  to  note  that  as  early  as  1785  Captain  Cook  deter- 
mined the  longitude  within  188,  or  ^l/2  miles, — a  high  degree 
of  accuracy  when  the  poor  construction  of  the  chronometers 
of  that  day  is  taken  into  account, — while  Captain  Freycinet  in 
1 8 19  obtained  a  result  that  differs  only  i8,  or  about  one  quarter 
of  a  mile,  from  the  most  recent  determination.  All  the  maps 
of  the  Hawaiian  Government  Survey  since  1874  are  based  on 
the  longitude  determined  by  Captain  Tupman  from  observa- 
tions of  meridional  transits  of  the  Moon,  occupations  of  stars, 
and  zenith-distances  of  the  Moon's  upper  and  lower  limbs,  com- 
bined with  those  of  well-known  stars  near  the  Moon.  This 
value  is  ioh  31111  2j*.2,  agreeing  with  the  new  determination 
to  the  nearest  tenth  of  a  second. 


77/ 1'  Planet  Mars. — Additional  contributions  to  the  extensive 
literature  on  the  canals  of  Mars  are  made  by  Messrs.  E.  M. 
Anton  1  ai.u  and  K.  \Y.  Maimmk  in  the  November  number  of 
l\  i!<>;JcJ;jc.  Instead  of  ^'ivin^'  us  new  markings  and  canals,  it 
is  rather  the  object  of  these  gentlemen  to  explain  away  some 
that  now  mark  the  maps  oi  Mars.  M.  Antoniadi's  conclusion 
seems  to  be  that  the  so-called  canals  are  not  a  simple  phenom- 
enon, either  objective  or  subjective.  Tt  is  his  belief  that  these 
markings  are.  in  part  at  least,  real,  but  in  greater  part  are  due 
to  physiological  causes.  In  a  letter  to  the  Jinglish  Mechanic, 
quoted  by  Mr.  Mat'ndi.k.  M.  Antoniahi  stuns  up  the  'canal- 
impressiuii'  under  five  heads; — 
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"(a)  Entirely  physiological  markings,  like  those  seen  by  Mr.  Lowell 
on  other  planets,  by  myself  on  Mars,  and  by  Mr.  Lane  on  his  artificial 
disks. 

"(b)   Subjective  lines,  generated  by  the  topographical  details. 

"(c)   Edges  of  physiological  half-tones,  begotten  by  contrast. 

"(d)   Edges  of  objective  half-tones,  arising  from  the  same  reason ;  and 

"(e)  Incontestably  real  canals,  which,  were  we  to  see  Mars  better, 
would  resolve  themselves  into  groups  of  knotted  or  unevenly  shaded 
areas." 

Mr.  Maunder  describes  in  some  detail,  and  with  illustra- 
tions, the  results  of  experiments  made  by  him  with  a  class  of 
twenty  boys,  about  twelve  to  fourteen  years  old,  who  were 
seated  in  four  or  five  rows  at  different  distances  from  a  care- 
fully lighted  diagram,  which  they  were  told  to  copy.  The 
diagram  was  reproduced  from  some  published  drawing  of 
Mars,  but  in  nearly  every  experiment  the  canals  were  omitted. 
In  general,  any  boy  was  used  in  only  one  experiment,  though 
a  few  drew  the  same  diagram  twice,  at  different  distances. 

"  The  general  result  was  striking.  In  several  of  these  experiments 
nearly  all  the  boys  drew  'canals'  on  their  copies,  though  there  were 
none  on  the  orginal  from  which  they  were  copying.  And  these  'canals' 
were  not  placed  at  random;  they  were  in  just  the  very  places  where 
canals  are  seen  in  the  charts  of  Schiaparelli  and  Lowell/' 

We  cannot  quote  at  greater  length  from  this  interesting 
article,  but  must  refer  our  readers  to  the  original.  We  may  add 
that,  as  Mr.  Maunder  says,  "the  most  interesting  feature  with 
regard  to  the  entire  discussion  is  the  tendency  of  the  ablest  and 
most  favorably  circumstanced  observers  to  see  the  chief  canals 
no  longer  as  straight  uniform  lines,  but  as  close  sequences  of 
spots,  as  if  an  approach  had  been  made  to  their  complete  reso- 
lution." 


A  stained-glass  window,  to  commemorate  the  long  connec- 
tion of  Dr.  John  P.  Nichol,  Professor  of  Astronomy,  and  his 
family  with  the  University  of  Glasgow,  has  been  placed  in  the 
Bute  Hall  of  the  college.  At  the  top  of  the  new  window  ap- 
pears Urania,  the  heavenly  muse.  In  the  smaller  lights  around 
her  are  various  objects  familiar  to  astronomers.  The  four  fig- 
ures in  the  top  division  of  the  window  represent  Copernicus, 
Galileo,  Kepler,  and  Newton,  the  four  great  founders  of 
modern  astronomy.     The  late  professor  wrote  numerous  and 
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delightful  books  on  "  The  Solar  System.''  "  The  Planetary  Sys- 
tem," and  "  The  Architecture  of  the  Heavens,"  and  these  works 
stimulated  throughout  the  English-speaking  world  an  extraor- 
dinary interest  in  the  subject.  Andrew  Grieg. 


Those  who  are  interested  in  the  question  whether  long- 
period  weather  forecasting  will  ever  become  practicable  will  find 
in  Science  for  November  13,  1903,  an  interesting  article  by  Sir 
Xorman  Lockyer,  entitled  "Simultaneous  Solar  and  Terres- 
trial Changes."  The  paper  is  really  a  concise  historical  account 
of  the  progress  made  in  the  study  of  such  solar  phenomena  as 
the  periodicity  of  the  spots  and  the  distribution  of  the  promi- 
nences, and  of  the  influence  of  such  solar  disturbances  upon 
magnetic  and  meteorological  conditions  on  the  Earth. 


From  Science  we  learn  that  the  new  observatory  of  Amherst 
College  has  been  so  far  completed  that  regular  observations  are 
in  progress.  The  sum  of  $100,000  has  been  raised  for  building 
purposes  and  for  endowment. 


Another  new  •  >b>ervat<  <r\  that  i<  well  equipped  for  research 
;i>  well  as  f<>r  instruction  is  the  Washburn  College  (  ^bservan .  >r\  . 
Tojieka,  l\;ms'i\  which  was  dedicated  on  September  ]S,  10,1:3. 
l'r<  <fe^<  r  (  .  1 ..  I )(  m  ii.i  i!  1  1  ■:.  «»f  the  bl  >wer  (  >bservator\ .  d«.  liver- 
ing  the  address.  The  equipment  includes  an  ii'j-inch  \\- 
fract-  r  and,  a  5  inch  photographic  doublet.  as  well  as  a  number 
of  -mailer  instruments.  It  is  designed  to  add  other  insiru- 
im-ns  (  in  particular,  a  meridian-circle  anil  a  spectroscopic  •'••: 
tit  )   and  a   working  astron<  mica!   lilrarx. 


Professor  Diiiii.itti.k's  address,  j u .- 1  mentioned,  is  published 
in  full  in  the  November  number  of  I\>puLir  , /.\7/v//f>/// v.  It  is 
entitled  "Some  (  >bservatories  and  (  )bservers.  Past  and  l'n>- 
ent."  and  gives  an  :nt<  resting  account  of  the  incidents  and  ef- 
forts that  led  to  the  establishment  of  some  of  the  best-known 
observatories  in  Europe  as  well  as  of  the  development  of  as- 
tr<  n<  unv  in  this  countrv. 
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Autobiography  of  Professor  Simon  Xkwcomb. — Under  the 
title  "The  Reminiscences  of  an  Astronomer,"  Houghton,  Mif- 
1  lin  &  Co.  have  recently  published  an  autobiography  of  the  able 
and  well-known  astronomer,  Professor  Simon  Newcomb.  This 
volume,  modestly  relating  the  chief  events  in  the  life  of  one  who 
has  been  extremely  influential  in  promoting  American  astrono- 
my, makes  very  interesting  reading.  W.  W.  C. 


PUBLICATIONS     OF    THE     LICK    OBSERVATORY, 
VOLUME  VI. 

Volume  VI  of  the  Publications  of  the  Lick  Observatory  is 
a  substantial  book  of  405  pages,  containing  the  work  of  Pro- 
fessor Richard  H.  Tucker  with  the  Repsold  meridian-circle 
from  August,  1896,  to  March,  1901.  Four  thousand  five  hun- 
dred stars  have  been  observed,  11,700  complete  observations  of 
both  Right  Ascension  and  Declination  having  been  made,  and 
2,700  other  determinations  of  one  of  these  coordinates  only. 
That  so  large  an  amount  of  high-class  work  has  been  done  by 
a  single  observer  in  a  time  so  short  is  exceedingly  creditable  to 
the  Lick  Observatory  and  to  the  astronomer  who  made  the 
observations. 

There  are  six  main  divisions  of  the  volume,  and  wre  shall 
review  each  separately. 

THE   DECLINATIONS   OF   THE    BETHLEHEM    LATITUDE   STARS. 

The  most  extensive  series  of  observations  for  the  deter- 
mination of  variation  of  latitude  ever  made  in  this  country 
is  that  executed  by  Professor  C.  L.  Doolittle  at  South  Beth- 
lehem, Pa.  It  is  evidently  a  matter  of  importance  that  the 
declinations  of  Professor  Doolittle's  stars  should  be  known 
with  considerable  accuracy,  and  should  be  reduced  to  some 
standard  system.  Profes-or  Ti'ckkk's  observations  have  been 
planned  with  a  view  <  -t  accomplishing  this  reduction  by  means 
of  observations  "f  the  star>  in  conjunction  with  suitable  funda- 
mental star-. 

The  average  number  of  fundamental  stars  observed  each 
night  was  more  than  « <ne  fourth  of  the  total  number  observed 
on  that  evening.  The  working  list  ui  stars  used  in  the  South 
iiethlchem  observations  originally  contained  347  stars,  and 
three  were  added  afterwards;  two  of  these  were  not  observed. 
The  general  plan  was  to  observe  each  star  lour  times,  the  in- 
strument being  reversed  f-T  the  second  pair  of  observations. 
It  was  Professor  J  )oolii  1  i.i.'s  original  intention  to  use  the  svs- 
tem  of  lioss  for  all  the  stars.  Professor  Tickkk  has  reduced 
every  star  to  this  system,  and  has  compared  with  the  system  oi 

Al'WI'KS. 

There  were  08  stars  common  to  l.oss's  "Declination  of 
Fixed   Stars,"  and  the   Bcrliucv  Jalirbucli.      P>y  comparing  the 
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declinations  of  these  Professor  Tucker  has  derived  the  follow- 
ing formula: — 

Boss-B.  J.  =  —  o".io  +  o".oo2  8° 

A  comparison  of  the  two  systems  was  also  effected  in  an- 
other way.  For  each  of  120  stars  the  Declination  was  observed. 
The  result  thus  obtained  was  compared  with  that  given  by 
Boss,  and  also  with  that  of  the  Berliner  Jahrbuch.  Thus  re- 
sulted the  following  formula: — 

Boss-B.  J.  =  —  o".o8  -4-  o".ooi  8° 

The  agreement  of  these  two  formulas  is  striking,  and  shows 
the  accuracy  of  the  observations.  It  also  appeared  from  this 
investigation  that  the  probable  error  of  a  B.  J.  declination  is 
±  o".24. 

The  conclusion  reached  as  to  the  systematic  errors  of  the 
observations  is,  that  those  due  to  flexure,  bisection,  and  the  dif- 
ference U.  C.-L.  C.  are  practically  negligible. 

By  discussing  the  probable  error  of  an  observed  declination, 
the  following  results  were  reached : — 

Probable-error  observation,       =bo".oc),  mean  of  four. 
.Probable-error  graduation,     .  dz  o".o8,  two  positions. 
Probable-error  fundamentals,  d=o".o8,  group  of  twelve. 
Total  probable  error,  ±o".i5. 

These  figures  speak  eloquently  of  the  accuracy  of  the  work. 
From  each  observation  of  a  fundamental  star  combined  with 
the  nadir-reading  (taken  three  times  each  full  night)  a  value 
of  the  latitude  was  obtained.  After  applying  the  corrections 
for  variation  of  latitude  computed  from  Chandler's  elements, 
and  combining  the  observations  by  pairs  in  such  a  way  as  to 
eliminate  the  division  error  of  the  nadir-reading,  the  following 
value  of  the  normal  latitude  was  reached: — 

*o  =  37°  20'  25"42   (dbo".(>3) 

The  star-places  originally  derived  by  Professor  Doolittle 
were  taken  directly  from  Boss,  or  reduced  to  that  system,  or 
occasionally  adopted  from  some  other  authorities.  Professor 
Ticker  finds  that  the  probable  error  of  one  of  these  declina- 
tions is  ±  o"4.  It  is  evident  that  wisely  directed  and  accurate 
observation  with  a  modern  meridian-circle  has  given   results 
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superior  to  those  obtained  by  a  careful  discussion  of  material 
previously  obtainable. 

ADDITIONAL    STANDARD    CIjOSE    CIRCUMPOLAR    STARS. 

These  stars,  twenty-one  in  number,  all  lie  above  820  of 
North  Declination,  and  half  of  them  are  above  850.  They 
were  observed  at  the  request  of  Dr.  Auwers.  The  mean  places 
for  each  year  of  the  interval  1895-1905  have  been  published  in 
A.  X.  3440.  If  ephemerides  giving  the  apparent  places  of 
these  stars  could  be  issued  from  year  to  year,  or  to  cover  pe- 
riods of  five  years,  they  would  be  very  useful  to  all  observers 
who  have  occasion  to  make  determinations  of  azimuth.  As 
their  magnitudes  range  from  5^4  to  7^,  they  could  be  handled 
even  with  the  comparatively  small  instruments  used  in  the 
field. 

Each  star  was  observed  sixteen  times,  eight  times  at  each 
culmination,  half  the  time  with  the  fixed  circle  east,  and 
half  the  time  with  the  instrument  reversed.  The  ten  close 
circumpolars  which  already  form  a  part  of  Auwer's  A.  G.  C. 
system  were  employed  in  obtaining  the  constants  of  reduction ; 
the  clock-stars  were  chosen  from  a  list  selected  by  Dr.  Auwers  ; 
usually  eight  of  the  clock-stars  were  used  each  night. 

Professor  Tucker  gives  a  careful  discussion  of  the  possible 
errors  affecting  his  observations,  including  those  of  the  clo>e 
circumpolars  which  were  employed  as  fundamental ;  all  oi  these 
quantities  are  fractions  (generally  small)  of  a  second  of  arc. 
An  important  by-product  <>f  the  investigation  is,  that  the 
Poulkova  refraction-tables  do  not  accurately  correspond  to  the 
meteorological  conditions  at  Alt.  Hamilton.  The  probable  error 
of  the  rinal  position  of  a  star  derived  from  sixteen  observations 
is,  in  K.  A..  —  0^.005  SeC  $.  and  in  Decl.,  ±:  o".o8.  In  this 
connection  Professor  Ti'ckkk  makes  the  following  interesting 
statement  :  "As  indicating  how  large  a  part  the  unavoidable 
errors  in  the  reduction  may  play,  the  simultaneous  observa- 
tions of  the  transits  of  the  two  stars  u\  the  pair  lx  and  l,  oi  the 
list  give  an  interesting  illustration.  Each  star  was  observed 
completely,  upon  sixteen  nights,  and  both  transits  are  recorded. 
This  gives  thirty-two  values  of  the  mean  difference  at  transit. 
7s. 50.  with  the  probable  error  of  one  determination,  dr  0/.0S7. 
The  probable  error  of  a  transit   is  tints   found   to  be  it  os.oni. 
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which  reduces  to  ±l  o8.ooi  sec  8,  for  the  mean  of  thirty-two  ob- 
servations. " 

Such  accuracy  plainly  shows  the  excellent  quality  of  the 
"  seeing,"  as  well  as  the  skill  of  the  observer. 

ZODIACAL    STARS. 

In  the  summer  of  1898  the  positions  of  half  a  hundred 
zodiacal  stars  were  obtained  by  request  of  Sir  David  Gill, 
for  use  in  his  heliometer  measures  of  the  major  planets.  In 
the  first  seven  months  of  1900  these  stars  were  reobserved,  and 
about  an  equal  number  added.  For  the  earlier  observations 
the  places  of  the  thirteen  fundamental  stars  were  furnished 
by  Dr.  Gill.  By  means  of  eight  of  these  fundamental  stars  a 
comparison  of  Dr.  Gill's  places  with  those  of  Dr.  Auwers 
was  made.  The  mean  difference  in  Right  Ascension  is  o^.on, 
and  in  Declination  it  is  o".35.  In  order  to  investigate  the  sys- 
tematic error  in  Declination,  Professor  Tucker  compared  the 
value  of  the  latitude  derived  from  the  thirteen  fundamental 
stars  in  Dr.  Gill's  list  with  the  value  obtained  by  observing  cir- 
cumpolars.  The  two  results  differ  o".56;  if  only  the  eight  stars 
given  by  Auwers  are  used,  and  his  declinations  are  adopted  for 
them,  this  discrepancy  is  reduced  to  o".27. 

For  the  observations  of  1900,  fourteen  fundamental  stars 
were  selected  by  Dr.  Gill,  but  he  published  no  places  for  them. 
The  places  of  six  of  them  were  therefore  taken  from  the  Ber- 
liner Jahrbuch,  and  Dr.  Auwers's  corrections  were  applied 
to  them.  The  eight  stars  which  were  not  found  in  the  Jahrbuch 
were  specially  observed,  using  Auwers's  corrected  B.  /.  stars 
as  fundamental.  Ten  of  the  fourteen  are  found  in  Newcomb's 
Fundamental  Catalogue.  The  average  difference  between  the 
coordinates  adopted  by  Professor  Tucker  and  those  given  by 
Newcomb  is  os.oi8  in  Right  Ascension,  and  o".oi  in  Declina- 
tion. The  probable  errors  of  the  places  finally  deduced  for  the 
zodiacal  stars  are  for  the  annual  results : — 
±os.oii  in  R.  A. 
and   d=o".i7     in  Decl. 

Experiments  with  screens,  to  determine  the  correction  to 
transits  due  to  the  magnitudes  of  the  stars,  gave  the  value  of 
this  as  — o8.oo6  per  magnitude,  faint  stars  being  recorded 
later. 
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THE  PIAZZI   STARS. 

All  of  the  stars  of  Southern  Declination  found  in  Piazzi's 
Catalogue  were  given  place  in  the  working  list,  which  thus 
embraced  3,088  stars.  The  observations  were  undertaken  at 
the  suggestion  of  Dr.  H.  S.  Davis,  who  is  engaged  in  a  re- 
reduction  of  Pjazzi's  original  observations.  Two  observations 
of  each  star  were  made,  and  several  which  were  used  as  fun- 
damental stars  have  naturally  been  observed  a  greater  number 
of  times.  In  all  7,600  observations  (including  circumpolars 
and  nadirs)  were  made,  on  146  nights.  For  4,400  of  the  ob- 
servations the  circle-microscopes  were  read  by  Dr.  R.  T.  Craw- 
ford. When  he  assisted  in  this  manner,  the  average  number 
of  observations  per  night  was  sixty-one;  when  Professor 
Tucker  was  alone,  the  average  number  was  forty-six. 

The  excellence  of  the  meteorological  conditions  and  of  the 
construction  of  the  observing-room  is  shown  by  the  fact  that 
ordinarily  there  is  not  a  difference  of  one  degree  between  the 
temperatures  outside  and  inside  the  room  when  it  is  closed. 
Upon  the  best  nights  the  temperature  remains  nearly  constant, 
often  changing  less  that  a  degree  for  several  hours.  The  maxi- 
mum change  of  barometric-reading  during  the  four  or  five 
hours  of  an  observing  period  was  four  hundredths  of  an  inch. 
The  care  and  skill  «>f  the  observer  are  abundantly  attested  1>\ 
ihe  table  «>f  probable  errors  for  those  stars  which  were  n  »t 
lundamentai.  Since  main  nt  the  observations  were  made  at 
verv  low  altitudes,  wlu  re  the  images  were  poor,  and  the  etYeci- 
of  irregular  retraction  much  greater  than  the  average,  the 
observations  were  divided  into,  live  zones,  each  10"  in  width. 
i;or  stars  between  the  equator  and  30  south  the  probable  err  »r 
ot    the  mean   of  two  observations   mav   be   well    represented    b\ 

the   expressions —  .       ^     ,,         .  2  :   ,.  1  >      \ 

1  rt  <  >'  .<  n  f »  sec  b  lor  K.  A. 

and  -±  <>".-'/)  for  1  )ecl. 
From  30  downward  to  40  .S,  which  is  the  extreme  south- 
ern limit  in  Declination,  the  error  in  1  v i l;  1 U  Ascension  increase- 
a  trifle,  but  that  in  Declination  increases  quite  rapidlv.  Pim- 
U'S<or  Id  ckkk  has  derived  the  following  approximate  expres- 
sion   for  the  probable  error  in  declination: — 

h  [<-'"• 1  5  —  o".(mj  (  tan  Z.  D.  —  1  )  J  •• 

*Th.j   !<'Yk\v,t  lus  Mkv  M   l!i-   hli.-riy  »>t    ni-,-Hm-    Cic  [    ].  wlmh  .l<»ti««l   ;ip|K;tnn    tV 
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At  the  southern  limit  this  expression  reaches  the  value  dz  i".o, 
when  the  star  is  but  6°  above  the  horizon. 

The  places  used  for  the  fundamental  stars  were  determined 
by  an  extended  discussion,  for  the  details  of  which  the  reader 
must  refer  to  the  volume  itself.  The  following  direct  quo- 
tations will  give  an  idea  of  the  problem  by  which  Professor 
Tixkkr  was  confronted  and  his  solution  of  it: — 

"  With  the  use  of  the  Poulkova  Refractions  we  should  obtain 
the  Latitude  370  20'  25". 39  from  the  Circumpolar  stars  observed 
at  both  culminations,  during  this  series.  The  observations  of 
Latitude  from  the  B.  J.  Southern  stars  would  indicate  a  mean  cor- 
rection of  — o".i6  for  its  system  of  Declinations,  down  to  — 310. 
The  Latitude  observations  of  the  list  of  303  would  indicate  a  cor- 
rection of  — o".s6  for  its  Declination  system  down  to  — 250.  Em- 
ploying Nevvcomb's  Declinations  down  to  — 310,  the  indicated  cor- 
rection would  be  — o".68.  Employing  the  Declinations  of  Boss,  for 
the  Standard  stars  — 200  to  — 310,  the  correction  to  his  system 
would  be  — o".72.  Similarly  for  Auwers's  Southern  Fundamental 
Catalogue,  — 200  to  — 310,  the  correction  would  be  — o".92. 

44  The  evidence  points  strongly  to  a  decrease  in  the  Poulkova 
Refractions,  for  this  place,  if  the  standard  systems  above  enu- 
merated are  to  be  reconciled  with  the  observations  made  here. 
The  differences  increase  proportionally,  as  Declinations,  below 
the  limits  above,  are  used  for  the  deviations  of  Latitude." 

44  As  explained  in  full  detail,  earlier,  the  observations  have  been 
reduced  with  such  of  the  Southern  Piazzi  stars  as  Fundamental, 
as  are  included  in  Auwers's  corrected  B.  /.  and  303,  the  system  of 
the  last-named  having  been  adopted.  In  extending  the  Declina- 
tions beyond  the  limits  of  the  Fundamental  stars,  comparisons  with 
Auwers,  Newcomb,  and  Boss  have  been  made,  for  the  determination 
of  the  corrections  to  the  Poulkova  Refractions,  employed  through- 
out." 

The  observations  are  grouped  in  two  tabular  exhibits. 
In  the  first  there  are  given  for  each  star  the  separate  determina- 
tions of  Right  Ascension  and  Declination,  and  the  correction 
to  the  latter  derived  by  diminishing  the  Poulkova  Refractions. 
The  second  exhibit  is  in  the  ordinary  catalogue  form,  the  re- 
traction correction  just  mentioned  having  been  applied  to 
each    Declination. 

REFERENCE-STARS  FOR    EROS. 

These  observations  were  made  to  assist  in  determining  the 
parallax  of  Eros  at  its  opposition  in  1900.  There  were  677 
stars  in  all,  which  were  observed  on  fifty-four  nights,  two  de- 
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terminations  of  the  place  of  each  star  being  made.  The  prob- 
able error  of  the  final  place  of  a  star  was  ±  o".20  in  each  co- 
ordinate. 

MISCELLANEOUS  OBSERVATIONS. 

These  embrace  determinations  of  the  places  of  forty-nine 
comparison-stars,  for  other  observers  or  orbit-computers,  of 
twenty  proper-motion  stars  for  Professor  J.  G.  Porter,  of 
Eros,  of  Nova  Persei,  and  of  comets  b  1897  and  c  1898. 

THE  INSTRUMENTAL  CONSTANTS. 

Under  this  caption  are  given  the  values  of  the  constants 
during  the  four  years  and  a  half  covered  by  the  observations  in 
the  volume.  The  twenty-eight  determinations  of  the  flexure 
correction  vary  from  — o".3i  to  +o".2i,  the  mean  of  all  be- 
ing only  — o".045.  The  nadir-readings  seem  to  depend  a  little 
upon  variations  of  temperature.  The  changes  of  collimation 
are  very  small,  and  its  average  value  is  close  to  zero.  The 
total  range  of  the  azimuth-error  was  o8.6,  and  it  varied  some- 
what irregularly.  The  level-error  changed  in  general  slowly 
and  smoothly,  having  an  average  value  of  about  o8.5. 

Professor  Tucker  received  assistance  from  time  to  time  in 
reading  the  circle-microscopes,  and  in  reducing  the  observa- 
tions, from  Messrs.  Aitken,  Coddington,  Crawford,  Curtiss, 
Dai. l.  1\\lmi:i:,  run!  S 1  i-.iuuns,  the  work  of  each  of  whom  is 
particularly  described.  It  appears  that,  had  he  received  no 
aid,  he  would  have  made  and  reduced  about  2,500  observations 
a  year. 

One  closes  this  volume  <»f  the  Lick  Ubscrzatvrx  Publications 
with  a  high  admiration  for  the  energy,  precision,  and  pains- 
taking of  the  observer,  and  with  a  feeling  of  satisfaction  tha: 
he  uses  an  instrument  so  perfect  in  a  location  so  favorable.  1  he 
results  speak  for  themselves,  and  are  a  distinct  credit  to  Ameri- 
can  astronomy.  Hkrkkrt  A.  llowi-:. 

rilAMllKKI.IN    (  >r.-Kk\  'atmkn  ,    1  >j;n  vi:u.    Cei.n..    X<>\  "C  ml  )i  T,     ioov 
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Minutes  of  the   Meeting  of  the   Board  of   Directors, 

held    in    the    rooms    of    the    society, 

November  28,  1903,  at  7:30  p.  m. 

President  Von   Geldern   presided.     A  quorum   was  present.     The 
minutes  of  the  last  meeting  were  approved. 
The  following  members  were  duly  elected: — 

List  of  Members  Elected  November  28,  1903. 

Mr.  Sebastian  Albeecht {  L  nL°  CaT*10^'    Mt'   "^ 

Miss  Edith  Allyne j  Ng £.  Cor.  Cough  and  Green 

Dr.  A.  J.  Atkins j  494  and  g  Parrott  Building, 

Mr.  Eiavyn  B.  Gould j  SoS^uniper    St.,    San    Diego, 

Dr.  B.  L.  New  kirk 2218  Union  St.,  Berkeley,  Cal. 

Dr.  Harry  East  Miller 331    Pine  St.,   S.  F.  Cal. 

Mr.  C.  M.  St.  John {Vc^    Custom   House'    S-    F- 

Dr.  Omar  A.  Turkey {  U--S-  G-  .S-  Livingstone,  Gila 

(      Co.,  Arizona. 

Dr.   W.    Villiger Jena,   Germany. 

The  Librarian  reported  that  the  manuscript  catalogue  of  the  bound 
books  in  the  Library  has  been  completed,  at  a  cost  of  $50,  as  authorized 
by  the  resolution  adopted  at  the  meeting  of  November  29,  1902.  The 
report  was  adopted  and  filed. 

It  was,  upon  motion, 
Resolved,  That  the  next  regular  meeting  of  the  Society  (January  30,  1904)  be  held 
at  the  Students'  Observatory  of  the  University  of  California,  at  Berkeley. 

Adjourned. 

Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,   held  in  the  Lecture  Hall  of 

the    California    Academy    of    Sciences, 

November  28,  1903,  at  8  o'clock,  p.  m. 

The  meeting  was  called  to  order  by  President  Von  Geldern.  A 
quorum  was  present.  The  minutes  of  the  last  meeting  were  approved. 
The  Secretary  read  the  names  of  new  members  elected. 

The  following  papers  were  presented: — 

The  Ring  Nebula  in  Lyra,  by  Dr.  B.  L.  Newkirk. 

The  Great  Sunspot  of  October,  1903,  by  Miss  R.  O'Halloran. 

Planetary  Phenomena  for  January  and  February,  1904,  by  Prof.  M.  McNeill. 

The  Chairman  then  introduced  the  lecturer  of  the  evening,  Dr.  B.  L. 
Newkirk,  who  read  his  paper  on  the  Ring  Nebula  in  Lyra,  and  exhib- 
ited a  number  of  slides  of  the  principal  nebulae. 

The  meeting  then  adjourned. 
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NOTICE, 


The  attention  of  new  members  is  called  to  Article  VIII  of  the  By-Laws,  which  provide 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only.  Sub&e^iieut 
annual  payments  are  due  on  January  ist  of  each  succeeding  calendar  Year.  This  rule  i«, 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible.  Dues  sent  by  mail 
should  he  directed  to  Astronomical  Society  ol  the  Pacific, 819  Market  Street,  San  Francisco. 

It  is  intended  that  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  whieh  he  was  elected  \o  membership  and  for  all  subsequent 
years.  If  there  have  been  (an fortunately)  any  omissions  in  this  matter*  it  is  requested  that 
the  Secretaries  be  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the  Pubtications  of  the  Society  as  sent  to 
them.  Once  each  year  a  t  ii  It-page  and  contents  of  the  preceding  numbers  will  also  be  sent 
to  the  members,  whu  can  then  hmd  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  onU\  50  far  as  the  stock  in  hand 
is  sufficient  on  the  pa?  merit  of  two  dollars  per  volume  to  either  of  the  Secretaries.  Any 
non-resident  member  within  the  United  States  ran  obtain  books  from  the  Society's  library 
bv  sending  his  library  card  with  ten  cents  in  stamps  to  1  he  Secretary'  A.  S.  P.,  §19  Market 
Street,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers 
printed  in  the  Publications  is  decided  simply  by  convenience.  In  a  general  way,  iboae 
papers  are  printed  first  which  are  earliest  accepted  for  publication.  Tl  is  not  possible  to 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  the 
United  States.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  is  not  assumed  by  the  Society  itself. 

The  titles  of  papers  for  read i tag  should  hecommunicated  to  either  of  the  Secretaries  a* 
early  as  possible,  as  well  as  any  changes  in  addresses.  The  Secretary  in  San  Francisco  wi  11 
send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows;  a  block  of  U-tter  paper,  40  cents;  of  note  paper,  33  cents; 
a  package  of  envelopes,  35  cents.  These  prices  include  postage,  and  should  be  remitted 
by  money  order  or  in  U.  S.  post  age  stamps*    The  send  ings  are  at  the  risk  of  the  member. 

Those  members  who  propose  to  attend  the  meetings  at  Mount  Hamilton  during  the 
summer  should  communicate  with  '*  The  Secretary  Astronomical  Society  of  the  Pa> 
at  l he  rooms  of  the  Society.  H19  Market  Street,  San  Francisco,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  etc. 
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Ill,  Review  of,  by  S.  D.  Townley 230 
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THE  RING  NEBULA  IN  LYRA. 


By  Burt  L.  Newkirk. 

(Read  before  the  Astronomical  Society  of  the  Pacific,  November  28,  1903.) 

Soon  after  sundown  at  this  time  of  the  year  a  bright  bluish 
star  may  be  seen  in  the  northwest  sky.  It  is  the  star  Vega, 
the  principal  star  of  the  constellation  Lyra,  and  the  brightest 
star  of  the  northern  hemisphere.  The  other  stars  of  the  con- 
stellation are  inconspicuous.  •  Near  one  of  the  fainter  of  these 
stars  is  situated  the  Ring  Nebula  in  Lyra,  the  largest  and  finest 
of  the  annular  nebulae.     (See  plate.) 

The  nebula  as  it  appears  in  the  photograph  is  oval  in  shape, 
somewhat  broader  and  less  intense  at  the  ends,  and  contains 
a  star  in  the  center.  A  careful  examination  of  the  original 
negative  shows  that  what  appears  here  as  a  plain  ring  devoid 
of  tine  detail  is  really  a  composite  structure  showing  inter- 
laced streamers  of  nebulosity.*  As  seen  in  a  telescope  of  ten 
inches  aperture,  the  ring  is  large  and  bright,  but  the  central 
star,  which  is  so  conspicuous  in  this  photograph,  and  indeed 
in  all  photographs  of  the  nebula,  is  visible  to  the  eye  only  with 
the  help  of  two  or  three  of  the  largest  telescopes  in  the  world. 
Mr.  Barnard  says  that  it  is  a  very  difficult  object  with  the 
great  telescopes  of  the  Lick  or  Yerkes  observatories.  The  ease 
with  which  this  star,  so  difficult  to  see,  can  be  photographed  is 
due  to  the  fact  that  its  light  is  composed  largely  of  waves  from 
the  violet  region  of  the  spectrum,  which  affect  the  photo- 
graphic plate  more  strongly  than  they  affect  the  retina  of  the 
eve.  A  longer  exposure  than  that  given  the  plate  from  which 
this  reproduction  is  made  shows  the  ring  to  be  entirely  filled 
with  faint  nebulosity.  Professor  ScHAEBERLEf  has  recently 
made  some  photographs  of  the  nebula,  from  a  study  of  which 
he  concludes  that  it  is  really  a  spiral  nebula,  and  that  the  ring- 
like  appearance  is  due  simply  to  the  fact  that  the  wisps  of 
nebulosity  which  characterize  the  spiral  are  too  faint  and 
closely  wound  to  be  observed  ordinarily.  If  this  opinion  of 
Professor  Schaeberle's  is  confirmed,  it  will  be  an  important 
contribution  to  the  subject  of  nebular  forms  and  the  study  of 
the  typical  life-history  of  nebulae,  as  I  shall  show  later. 


*  Kkki.er,  Astroph.J.,  Vol.  X.  p.  193. 

f  Schakhhrle,  A.  J.,  Vol.  XXIII,  p   109  and  181. 
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Photography  enjoys  peculiar  advantages  in  its  application 
to  the  study  of  the  structure  of  nebulae,  as  compared  with  visual 
methods.  It  is  safe  to  say  that  no  eye  has  seen  so  much  of  the 
detailed  structure  of  this  nebula  by  direct  visual  observation 
as  appears  in  the  photograph  of  which  this  is  a  copy,  taken 
with  the  Crossley  reflector  of  the  Lick  Observatory  by  the  late 
Director  Keeler. 

One  who  would  gain  a  definite  conception  of  the  position 
this  nebula  occupies  in  the  society  of  the  heavens  and  its  re- 
lation to  the  great  plan  of  the  universe  must  answer  to  him- 
self the  following  questions:  Where  is  it  located?  What  are 
its  physical  characteristics  and  its  composition?  What  has 
its  life-history  been,  and  what  vicissitudes  is  it  destined  to  un- 
dergo in  ages  to  come? 

First,  where  is  it?  How  far  is  it  from  our  Sun  and  his 
family  of  planets?  Is  its  distance  from  us  comparable  to  the 
distances  of  the  stars,  or  is  it  immeasurably  more  remote,  or  is 
it  perhaps  a  very  near  neighbor  of  ours  ?  We  shall  see  that  it  is 
in  fact  one  of  our  celestial  neighbors. 

An  investigation  of  the  distance  of  a  heavenly  body  is 
called  a  parallax  determination.  So  far  as  I  know,  no  nebula 
except  this  one  has  been  made  the  subject  of  a  successful  paral- 
lax determination  ;*  and  of  all  the  nebulae  of  the  skies  the 
Ring  Nebula  in  Lyra  offers  the  most  inviting  opportunity  t<> 
one  wishing  to  dclermin<-  a  nebular  parallax.  It  is  the  largest 
of  the  ring  nebula.',  which  fact  gives  countenance  to  the  sus- 
picion that  it  is  nearer  us  than  the  average.  The  apparent 
.size  «>f  a  celestial  object  as  seen  from  the  Karth  depends  up,  in 
two  ihings;  its  actual  size  and  its  distance  from  us.  Since 
the  King  Nebula  appears  largei  than  other  nebuhe  of  its  class, 
it  is  then  either  actually  larger  than  the  other  nebuhe  or 
nearer  to  us  than  ihe\  are.  Kithcr  alternative  is,  a  fru  r>, 
as  probable  as  the  other,  and  if  the  latter  holds  it  would  favoj- 
the  choice  of  this  nebula  tor  a  parallax  determination,  because 
the  fact  is  that  most  celestial  objects  outside  the  Sun's  system 
are  so  far  away  that  their  parallaxes  are  immeasurably  small. 
Certainly  in  t  <  ne  star  or  nebula  in  a  thousand  has  a  parallax  as 
large  as  a  tenth  of  a  second,  and  the  usual  result  of  a  parallax 
invest iga'  ion   is  simply  to  show    that  the  object  is  so  far  awav 
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that  its  distance  cannot  be  measured  with  the  accuracy 
at  present  attainable.  In  choosing  an  object  for  a  parallax  in- 
vestigation we  ought  therefore  to  fix  upon  one  which  we  have 
reason  to  believe  is  nearer  than  the  average  if  we  hope  for 
anything  but  a  negative  result.  This  is  the  only  one  of  the 
nebulae,  with  perhaps  one  exception,  that  has  been  found  to 
show  evidence  of  proper  motion.  Its  proper  motion  tends  to 
confirm  the  hypothesis  of  the  proximity  of  the  nebula.  The 
relation  between  proper  motion  and  parallax  has  been  explained 
by  Professor  XiiwtoMB*  in  a  recent  number  of  the  Astro- 
nomical Journal.  Moreover,  the  central  star  of  this  nebula 
offers  a  point  of  vantage  for  accurate  micrometric  measure- 
ment. This  is  a  very  great  advantage,  inasmuch  as  the  in- 
definite and  hazy  character  prevalent  among  nebulae  renders 
the  refined  measurements  necessary  for  parallax  determination 
practically  impossible. 

The  investigation  of  the  parallax  of  the  central  star  of  the 
Ring  Nebula  in  Lyra,  to  which  I  have  referred, 7  differs  from 
other  determinations  of  parallax  only  in  the  number  of  com- 
parison-stars used,  in  the  symmetry  of  their  positions,  and  in 
a  consequent  simplification  of  the  process  of  reduction  of  the 
measures,  accompanied  by  a  gain  in  accuracy.  Instead  of 
taking  four  to  six  such  comparison-stars,  as  is  generally  done, 
sixteen  were  chosen.  It  was  possible  to  measure  sixteen  dis- 
tances on  the  photographic  plate  and  carry  through  the  reduc- 
tion for  the  whole  sixteen,  with  an  increase  of  labor  which  was 
slight  in  comparison  with  the  advantage  gained  in  the  precision 
of  the  result.  The  stars  chosen  were  all  faint  and  differing 
little  in  magnitude  from  the  central  star  of  the  nebula.  They 
were  arranged  in  eight  pairs,  and  the  two  stars  of  each  pair 
were  situated  at  about  equal  distances  from  the  nebula  star 
and  in  opposite  directions.  This  symmetry  of  the  position  of 
the  comparison-stars  made  possible  the  use  of  the  short  method 
of  reduction  mentioned  above,  making  it  unnecessary  to  apply 
special  corrections  for  aberration  or  refraction,  which  effects  a 
great  saving  of  labor.  Moreover,  only  three  of  the  eight  pairs 
of  comparison-stars  were  chosen  in  the  line  of  the  major  axis 
of  the  parallactic  ellipse.  There  was  a  marked  advantage  in 
the  diversity  of  the  position-angles  of  the  remaining  pairs,  as 

*  A.J.,  Vol.  XXII.  p.  165 

t  Dissertation,  University  of  Munich.  IQ02  (B.  L.  Newkirk). 
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this  made  it  possible  to  investigate  certain  possible  sources 
of  error.  The  result  was  a  parallax  of  about  one  tenth  of  a 
second,  with  a  probable  error  of  about  one  eighth  of  that 
amount,  and  an  annual  proper  motion  of  fifteen  hundredths 
of  a  second.  That  is,  the  radius  of  the  Earth's  orbit,  as  seen 
from  the  star,  subtends  an  angle  of  one  tenth  of  a  second,  or 
this  star  is  about  thirty-three  light-years  distant.  If  this  cen- 
tral star  actually  forms  a  part  of  the  nebula,  and  is  not,  as  some 
have  suggested,  a  star  far  this  side  of  or  far  beyond  the 
nebula,  which  merely  happens  to  be  projected  upon  the  nebula 
as  we  see  it, — supposing,  I  say,  that  this  star  is  a  part  of  the 
nebula,  then  we  may  say  that  the  nebula  is  about  thirty-three 
light-years  away  from  us ;  i.  e.,  it  would  take  light  thirty-three 
years  to  come  to  us  from  the  nebula,  traveling  at  the  rate  of 
one  hundred  and  eighty-six  thousand  miles  per  second.  Inas- 
much as  the  great  majority  of  the  stars  and  nebulae  are  cer- 
tainly hundreds,  and  even  thousands,  of  light-years  away,  we 
are  justified  in  regarding  the  Ring  Nebula  in  Lyra  as  one  of  our 
nearest  celestial  neighbors. 

Knowing  the  distance  of  the  nebula,  and  having  the  meas- 
ures of  its  apparent  dimensions  as  seen  from  the  Earth,  we 
can  form  an  estimate  of  its  actual  size.  Its  longest  diameter 
is  about  forty  seconds,*  which  corresponds  to  an  actual  dis- 
tance of  four  hundred  times  the  radius  of  the  Earth's  orbit,  or 
fourteen  times  the  radius  of  Xcpt line's  orbit.  The  smallest 
radius  of  the  inside  of  the  ring  is  fifteen  seconds,  correspond- 
ing* to  a  distance  e<jual  to  rive  times  the  radius  of  Xcptitiw's 
orbit.  Tims  the  whole  of  the  solar  system  could  be  put  into 
this  ring"  and  would  have  plenty  of  room  to  spare.  1  am  speak- 
ing now,  of  course,  «"»f  the  ring  of  bright  nebulosity  shown  in 
the  picture.  It  has  already  been  noted  that  longer  exposures 
show   the   ring  to  be   entirely   tilled   with    faint   nebulosity. 

It  is  to  be  presumed  that  the  law  of  gravity  holds  there 
as  it  does  iu  the  <olar  system,  and  in  that  case  the  nebula  may 
be  in  rotation  about  an  axis  coinciding  with  the  axis  of  the 
ring,  though  this  is  not  necessarily  the  case.  This  rotation 
would  undoubtedly  be  very  slow.  How  long  it  would  take 
to  accomplish  a  complete  revolution  cannot  be  stated  without 
knowing  the  mass  ,  ,f  the  ring  and  oi  the  central  star,  but   we 

*  Kim  IK.  Astx.fli.J     Y..1.  X,  y.    :<>: 
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might  surmise  that  something  like  three  thousand  years  would 
be  required.*  It  must  not  be  supposed  that  the  whole  ring 
rotates  as  a  rigid  body.  This  could  not  be  the  case.  The 
particles  composing  the  ring  move  about  with  a  good  deal 
of  freedom,  each  in  its  own  orbit,  with  occasional  collisions, 
much  as  do  the  discrete  pieces  composing  Saturn's  rings. 

The  result  of  the  determination  of  proper  motion  would 
lead  us  to  believe  that  the  Ring  Nebula  is  moving  along 
through  space  with  a  component  of  velocity  perpendicular  to 
the  line  of  sight  of  about  five  miles  per  second,  which  is  only 
about  one  fourth  of  the  average  stellar  velocity. 

It  might  be  objected  that  this  measurement  of  the  distance 
does  not  apply  to  the  nebula  at  all.  It  is  not  the  nebula  whose 
distance  from  the  Sun's  system  has  been  measured,  but  the 
central  star,  and  we  have  no  conclusive  evidence  that  the 
star  belongs  to  the  nebula.  It  might,  as  hinted  at  a  mo- 
ment ago,  be  some  star  a  long  distance  from  the  nebula 
but  in  line  with  it  as  seen  from  the  Earth,  so  that  it  only 
appears  to  be  in  the  center  of  the  nebula.  In  answer  to  this 
objection  it  can  be  urged  that  it  would  certainly  be  a  very 
^urious  coincidence  it  this  were  the  case.  It  would  not 
be  at  all  likely  that  a  random  star,  having  no  connection 
with  the  nebula,  would  be  so  situated  as  to  appear  to 
us  to  be  exactly  in  the  center  of  the  ring.  I  say  it  would  be 
a  curious  coincidence  if  this  were  to  occur  in  a  single  case, 
but  much  more  so  if  it  were  to  occur  in  a  number  of  instances. 
There  are  other  smaller  nebulae  of  the  annular  type,  and  most 
of  these  show  faint  stars  in  the  center.  Observers  of  experi- 
ence! seem  to  think  that  all  annular  nebulae  have  these  central 
stars,  only  their  faintness  rendering  them  invisible  in  some  in- 
stances. This  alone  is  very  convincing  evidence  in  favor  of 
the  view  that  the  central  star  of  the  Ring  Nebula  in  Lyra  is 
actually  a  part  of  the  nebula.  There  is,  however,  corroborative 
evidence  in  the  fact  that  an  examination  of  the  color  of  the 
central  star  shows  it  to  be  of  a  somewhat  greenish  tint,  which 
color  characterizes  nebulae  rather  than  stars.  Until  very  re- 
cently there  was  no  instrument  in  existence  with  which  the 
spectrum  of  this  central  star  could  be  investigated  with  any 

*  Period  of  a  satellite  revolving  about  a  body  of  five  times  the  Sun's  mass  at  a  distance 
twelve  times  the  semimajor  axis  of  .Wptnne's  orbit, 
f  IUrnham,  l.>ck  Ohs.  Pub.,  Vol.  II,  p.  159. 
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degree  of  accuracy,  and  so,  for  want  of  a  better  method.  Mr. 
Barnard  adopted  the  following  program.*  He  carefully 
focused  the  forty -inch  telescope  of  the  Yerkes  Observatory  on 
different  stars  and  took  the  readings  of  the  focal  micrometer 
in  each  case.  He  found  that  for  white  stars  the  readings  were 
all  about  the  same,  but  there  was  a  marked  difference  in  the 
reading  of  the  focal  micrometer  when  the  telescope  was  focused 
upon  a  gaseous  nebula.  As  light  of  different  colors  comes  to  a 
focus  at  different  distances  from  the  lens,  this  was  a  rough 
method  of  testing  the  color  or  spectral  character  of  the  object 
pointed  at.  Then  Mr.  Barnard  pointed  at  the  central  star  of 
the  King  Xebula  in  Lyra  and  focused  carefully.  He  obtained 
the  following  results  from  the  readings  of  the  focal  micrometer 
(the  results  are  given  in  fractions  of  an  inch):  Xeb.-Xuc. 
-t-0.20;  Xeb.-star,  +0.30:  Xucleus-star.  -j-0.10.  This  shows 
that  the  light  of  the  central  star  differs  from  the  light  of 
an  ordinary  white  star  in  partaking  somewhat  of  the  nature 
of  the  light  of  the  nebula.  At  the  time  of  his  death,  Professor 
Keeler  was  planning  to  adapt  the  Crossley  reflector  to  the 
spectroscopic  study  of  very  faint  stars,  and  he  had  particularly 
in  mind  the  central  star  of  the  Ring  Xebula  in  Lyra.  This 
work  has  been  carried  forward  under  the  direction  of  Profes- 
sor  Camit.ell,   and    some    results    recently    published    bv    Mr. 

ii'  *  «;•-'■>:•.-'.■  »-vi'". '_•:..■■  in  iav  r  u  ;lv  clai:v.  that  the  outral  -tar 
i-  a  i^ar1  -u  th»-  n  hula  hut  :t  *:■>■:-  >•!.  militat--  a^am-t  •;!  . 
1 1 :  *  -  •  <  r  \ .  v.  ha'h  iu'V<-'l  nee-1-  v."  na  -re  f-vi'leiw  in  it-  fav«  r  than 
l,a-  alrca.;\    hern   aa-hute'l. 

'I  ii'-  'jM«--rr.Ti  a-  t<>  th>-  }>h\  -:<-;i;  character  an«l  0  >:ri\>>  >-it:  a 
'•f  tin-  n<-hula  iif\[  'leiraii'N  aurna^ii.  It  i-  a  L;a-e"U-  nebula 
It-  ^H-i'iriin)  -h'.\\-  bright  line-,  ir.<iicatin^r  the  ju'e-etice  ■■  i 
h\'lr'"^en  aii'i  --me  <>ther  -ub-?ance  ■  r  -ub-iance-  n  •  »t  kn«»\vi;  t- 
<->;i-;  <  n  ;he  karth  -  r  in  the  Sun  nr  in  anv  <  h  the  -tar-.  Thi- 
-ub-taiuv  >«-rin-  n-  h'-  characteristic  <>i  ua-ei«U:-  nchuke.  ana 
ha-  tli<rrnirc  b<  el  1  called  nchnim)!.  The  ^a-  of  which  tile 
iirhula  1-  o>m]M.M-«l  ;-  probably  in  a  o>!i<ii:i<>n  «  t  ^reat  tenui:\. 


Astronomical  Society  of  the  Pacific.  19 

like  the  upper  regions  of  our  atmosphere.  The  cause  of  its 
luminosity  is  a  mystery.  It  is  in  all  probability  not  due  to 
heat.  The  presumption  is,  that  the  temperature  of  the  nebula 
is  not  far  above  the  absolute  zero  of  interstellar  space.  The 
upper  regions  of  our  atmosphere  often  become  luminous 
through  electrical  discharges,  and  the  light  emitted  by  nebulae 
may  perhaps  be  produced  in  this  way.  Sir  Norman  Lockyer* 
proposes  to  account  for  the  luminosity  of  nebulae  upon  the 
theory  that  they  are  composed  of  swarms  of  meteorites  in  an 
atmosphere  of  hydrogen,  and  that  the  meteorites  collide  fre- 
quently, striking  fire.  There  are,  however,  grave  objections 
to  this  theory,  especially  in  its  application  to  ring  nebulae. 

In  former  times  many  people  believed  this  nebula  to  be  an 
immense  galaxy  of  stars.  Sir  William  Herschel,  who  was 
the  first  to  study  nebulae  extensively,  propounded  the  theory 
that  all  nebulae  were  clusters  of  stars  very  far  removed  from 
the  solar  system,  looking  like  bright  clouds  in  the  sky,  because 
his  telescope  was  not  powerful  enough  to  enable  him  to  see 
them  as  individual  stars.  Many  of  the  seeming  nebulae  which  he 
observed  in  the  early  part  of  his  life  were  found  later,  with 
the  help  of  a  larger  and  more  powerful  telescope,  to  be  clusters 
of  faint  stars.  Thus  he  concluded  quite  naturally  that  a  tele- 
scope powerful  enough  would  show  all  nebulae  to  be  star- 
clusters.  Now.  stars  are  suns  like  the  source  of  our  light  and 
heat,  and  it  was  the  most  natural  step  in  the  world  to  the 
conclusion  that  our  Sun  is  but  one  of  a  galaxy  of  stars  which 
make  up  a  nebula,  and  that  all  nebulae  are  such  collections  of 
suns  or  stars.  It  is  apparent  to  any  close  observer  that  the 
stars  visible  on  a  clear  evening  are  more  thickly  crowded  to- 
gether in  the  neighborhood  of  the  Milky  Way,  and  it  is  gen- 
erally believed  that  our  Sun  is  but  one  of  a  galaxy  forming 
an  immense  ring,  or  disk,  of  stars.  If  one  were  removed  to  an 
immense  distance  from  this  galaxy  it  might  look  somewhat  as 
the  Ring  Nebula  in  Lyra  looks  to  us  now,  but  its  spectrum 
would  not  be  that  of  a  tenuous  gas;  it  would  be  continuous, 
because  the  majority  of  the  stars  composing  the  galaxy  give 
continuous  spectra.  Thus  the  spectroscope  has  put  an  end  to 
such  speculation  with  regard  to  the  Ring  Nebula  in  Lyra.  It 
is  not  a  galaxy  of  stars,  but  a  body  of  gas  at  low  pressure.    In 


*  Sir  Norman  Lockykr,  Meteoritic  Hypothesis,  MacMillan  &  Co.,  1890. 
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after  life  Herschel  completely  changed  his  views  regarding 
the  composition  of  nebulae,  thereby  anticipating  the  results  of 
modern  spectroscopic  investigation.  He  concluded  that  some 
of  the  more  whitish  of  the  nebulae  really  were  unresolved  clus- 
ters of  stars,  but  that  many  other  nebulae  about  which  he  de- 
tected a  greenish  tint  were  masses  of  gas,  which  the 
spectroscope  has  since  shown  them  to  be.  The  whitish  nebulae 
give  continuous  spectra,  and  Professor  Scheiner*  has  recently 
found  that  the  continuous  spectrum  of  the  spiral  nebula  in 
Andromeda  is  crossed  by  absorption-lines  as  is  the  spec- 
trum of  sunlight.  This  does  not  prove  that  such  nebulae  are 
really  galaxies  of  stars,  each  of  which  is  comparable  to  our 
Sun  in  magnitude,  but  it  does  not  disprove  it  either,  and 
Professor  Scheiner  believes  this  to  be  the  case.  He  thinks 
that  the  spiral  nebulae  are  all  systems  of  stars,  like  the  stars 
of  our  Milky  Way.  If  this  theory  is  correct,  they  must  be 
hundreds  of  thousands  of  light-years  distant  from  us. 

It  is  the  ringlike  shape  of  this  nebula  which  has  brought  it 
into  prominence.  Presuming  that  the  law  of  the  attraction  of 
gravitation  holds  there  just  as  it  does  in  the  solar  system,  how 
can  the  material  composing  the  nebula  assume  this  ringlike 
shape?  Why  does  not  the  whole  mass  fall  toward  the  center 
and  form  a  great  sphere  or  spheroid  like  the  Earth  or  the  Sun 
nr  one  of  the  planets?  It  is  not  enough  to  assume,  as  we 
seemed  to  a  moment  ago,  in  speaking  of  the  rotation  of  the 
ring,  that  this  rotation  will  maintain  its  equilibrium.  1  mean 
to  say  that  we  cannot  take  it  for  granted  that  there  is  anv 
velocity  of  rotation  whatever  which  would  maintain  the  equi- 
librium of  the  ring.  The  study  of  figures  of  equilibrium  is  one 
of  the  most  difficult  and  at  the  same  time  the  most  interesting- 
branches  of  theoretical  astronomy.  The  problem  is  this:  Given 
a  mass  of  gas  or  liquid,  each  particle  of  which  attracts  each 
<ther  particle,  according  to  Xkwton's  law  of  gravitation, 
and  the  whole  mass  rotating,  to  find  what  shape  it  will  a- 
-ume.  In  particular,  as  applied  t<>  this  case,  could  a  mass  of 
gas  rotate  with  such  a  velocity  that  it  would  assume  the  shape 
of  a  ring?  If  so.  then  the  ring  is  a  figure  of  equilibrium. 
This  problem  has  been  discussed  by  mathematicians  oi  note 
among  others  Lai'i.au",  .Max w  i:ll,  and  Madam  Kowai.kwski. 
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Madam  Kowalewski  has  answered  the  question  in  the  affirm- 
ative. She  has  shown  that  a  mass  of  rotating  gas  or  fluid  may 
take  the  shape  of  a  ring  and  maintain  this  shape,  unless  dis- 
turbed by  some  external  force.  It  is  probable,  however,  that 
such  a  ring  of  gas  could  offer  very  little  resistance  to  an  ex- 
ternal disturbing  force;  and  as  such  forces  certainly  do  exist 
and  act  upon  the  nebula,  it  is  possible  that  in  a  comparatively 
short  time  it  will  gradually  break  down  and  assume  some  other 
shape,  perhaps  spherical.  In  a  comparatively  short  time,  I  say ; 
but  this  does  not  mean  a  few  weeks  or  a  few  years,  but  rather 
a  few  hundred  thousand  or  million  years.  Such  processes  go 
on  very  slowly,  and  it  is  hard  to  set  an  upper  limit  to  the  time 
that  would  be  required  to  effect  such  a  transformation. 

Perhaps,  however,  the  explanation  of  the  ringlike  appear- 
ance is  to  be  looked  for  in  an  altogether  different  direction. 
Possibly  the  ring  does  not  rotate  at  all,  and  in  that  case  each 
particle  swings  like  a  pendulum  from  one  side  of  the  ring  to  the 
other,  passing  rapidly  through  the  center  and  lingering  at  the 
extremities  of  the  swing  as  a  pendulum  does.  Thus  at  any  given 
instant  most  of  the  material  would  be  in  the  ring,  since  each 
particle  spends  most  of  its  time  at  the  extremities  of  its  swing. 
If  this  is  the  case,  the  ring  will  be  quite  stable,  and  will  grad- 
ually contract  into  a  compact  mass  without  breaking  up. 

Many  investigations  have  been  undertaken  in  times  past  in 
the  hope  of  detecting  changes  in  the  shape  or  brightness  of 
nebute.  or  the  motion  of  the  whole  or  any  part  of  a  nebula,  but 
without  marked  success.  Drawings  of  the  same  nebula  made 
twenty  or  thirty  years  apart  differ  greatly,  even  when  both 
drawings  are  made  by  the  same  man;  but  in  almost  every 
case  these  differences  have  been  found  to  be  due  not  to  changes 
in  the  nebula,  but  rather  to  changes  in  the  men  who  made  the 
drawings  and  in  the  telescopes  with  which  they  worked.  Neb- 
ula? are  in  general  very  hazy  and  indefinite  objects,  exceed- 
ingly hard  to  draw  correctly,  and  the  same  nebula  often 
presents  different  aspects  as  viewed  in  different  telescopes.  It 
is  not  to  be  wondered  at,  then,  that  a  comparison  of  old  draw- 
ings of  any  one  nebula  should  show  much  diversity,  but  no 
reliable  evidence  of  any  change  in  the  nebula.  Professor 
Holden,  formerly  Director  of  the  Lick  Observatory,  has  made 
an  exhaustive  historical  investigation  of  the  Great  Nebula  in 
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Orion,  and  from  the  mass  of  evidence  which  he  collects  and  ex- 
amines he  can  only  conclude  that  certain  parts  of  the  nebula 
have  changed  in  brightness,  but  that  no  motion  has  occurred 
in  any  part  of  the  nebula. 

There  is  a  new  instrument  which  is  destined  to  be  very 
useful  in  the  study  of  changes  which  occur  in  the  celestial 
landscape.  It  has  been  recently  designed,  and  is  now  being 
made  in  the  Carl  Zeiss  optical  workshop  in  Germany.  It  is 
called  the  stereo-comparator,  and  is  in  principle  a  care- 
fully and  accurately  made  stereoscope.  In  the  ordinary 
hand  stereoscope  we  have  before  us  in  the  frame  of  the 
instrument  a  piece  of  cardboard  upon  which  are  mounted  two 
pictures;  and  we  look  with  one  eye  at  the  one  and  with  the 
other  eye  at  the  other.  The  stereoscopic  effect  of  depth  in  the 
picture  is  due  to  the  fact  that  the  two  pictures  before  us  are 
not  made  from  exactly  the  same  point  of  view.  They  are  made 
simultaneously  by  two  lenses  mounted  a  few  inches  apart,  and 
when  we  look  at  the  two  pictures  in  the  stereoscope,  one  with 
the  one  eye  and  the  other  with  the  other  eye.  we  get  the  same 
perspective  effect  as  if  we  were  looking  with  our  two  eyes  at 
the  scene  of  the  picture.  So  sensitive  are  the  eyes  to  this 
stereoscopic  effect  that  a  distance  of  a  few  inches  between  the 
lenses  of  the  stereoscope  camera  suffices  to  give  depth  to  the 
picture,  making  the  nearer  objects  seem  to  stand  out  clear  in 
front  of  those  behind.  This  is  the  principle  of  the  stereo-com- 
parator.  It  is  an  accurately  made  stereoscope,  enabling  the 
observer  to  look-  with  one  eye  upon  one  photographic  plate  and 
with  the  "ther  eye  upon  the  other.  The  eye  detects  very  quick- 
ly slight  differences  between  the  two  plates  and  thus  a  quick 
and  easy  comparison  may  !)<•  made  of  two  accurate  pictures 
taken  years  apart.  It  is  in  the  study  of  nebuke  perhaps  that 
this  instrument  is  at  its  best.  The  rlocculent,  streamy,  or  cloudy 
detail  of  a  nebula  which  only  confuses  one  who  attempts  micro- 
metric  measures  would  be  especially  favorable  to  the  detection 
of  a  stereoscopic  effect  due  to  proper  motion  or  rotation  of  the 
nebula  or  change  in   its   shape. 

The  question  as  to  the  past  history  of  the  Ring  Nebula  in 
Lyra  and  the  prospects  of  its  future  career  remain  to  be  con- 
sidered brielly.  Was  it  always  a  ring  nebula,  and  will  it  always 
retain  the  shape  of  a  ring,  or  is  this  only  a  transitional  form 
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which  has  been  recently  assumed  and  will  soon  be  abandoned? 
It  is  only  by  a  comparative  study  of  the  observed  forms  of  ex- 
isting nebula?  that  light  can  be  gained  on  these  points.  Nebulae 
present  very  diverse  forms  to  our  view.  There  are  great  dif- 
fuse nebula?  covering  many  square  degrees  of  the  sky  and 
showing  no  definite  outline;  there  are  nebulae  of  definite  but 
very  irregular  shape ;  then  there  are  spiral  nebulae,  and  ring 
nebula?  shading  into  planetary  nebulae  by  degrees  so  gradual 
that  one  is  at  a  loss  to  draw  a  line  of  classification  between 
the  two.  Diffuse  nebulosity  may  be  regarded  as  the  earliest 
stage  of  nebular  existence.  The  mutual  attraction  of  the  par- 
ticles forming  the  nebula  is  very  slight  indeed,  and  contraction 
goes  on  very  slowly.  It  is  to  be  presumed,  however,  that 
these  clouds  are  moving  through  space  with  velocities  com- 
parable with  those  of  the  stars :  twenty  or  thirty  miles  per 
second.  They  are  the  winds  of  the  heavens.  The  next  stage 
is  seen  in  such  a  nebula  as  Messier  8  in  Sagittarius,  which 
shows  a  tendency  toward  condensation.  The  form  is  irregular, 
and  the  mutual  gravity  of  the  particles  forming  the  nebula 
is  evidently  not  the  predominant  force.  An  attempt  at  con- 
densation seems  to  have  been  frustrated,  resulting  in  great 
irregularity  of  outline  and  the  tearing  asunder  of  the  nebu- 
lous mass.  The  Trifid  Nebula  *  is  another  case  of  the  same 
sort.  These  dark  lanes  in  the  nebulosity  are  very  curious. 
They  are  due  perhaps  to  a  collision  of  the  nebulosity  with  a 
star,  or  rather  to  a  star  tearing  through  the  nebula.  One 
might  at  first  imagine  that  the  passage  left  by  a  star  passing 
through  a  nebula  would  be  closed  up  by  particles  of  nebulosity 
rushing  together  in  its  wake,  but  this  is  not  the  case.  It  can 
be  proven  that  the  passage  cleared  by  the  star  while  passing 
through  would  not  become  narrower  and  gradually  close  up, 
but  would  get  larger  as  time  goes  on.  This  process  would  not, 
however,  continue  indefinitely,  because  the  attractive  force 
exerted  by  the  star  while  passing  through,  though  powerful 
for  the  time  being,  is  only  temporary,  and  in  the  long  run  the 
effects  of  the  temporary  force  would  be  obliterated  by  other . 
weaker  but  ever-present  forces.  Thus  it  is  to  be  expected  that 
in  the  course  of  time  these  lanes  will  be  closed  up.    The  tem- 


*Sce  frontispiece  to  No.  74  of  these  Publications. 
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porary  and  fortuitous  forces  are  now  in  the  ascendency,  but  in 
the  long  run  the  weak  but  ever-acting  force  of  the  mutual 
attraction  of  the  particles  forming  the  nebula  will  gain  the 
ascendency  and  the  mass  will  assume  a  more  regular  form. 

In  the  nebula  in  Cygnus  the  anarchistic  forces  seem  to  be 
triumphant.  The  nebula  seems  to  have  been  struck  by  a 
celestial  whirlwind  and  torn  to  shreds. 

In  the  Great  Nebula  in  Orion  *  we  see  evidence  of  a  cata- 
clysm befitting  in  its  grandeur  the  magnificence  of  the  stellar 
universe.  Two  nebulae  seem  to  have  collided,  and  the  debris 
of  the  conflict  is  scattered  in  the  rear  of  the  more  powerful  as 
it  forces  its  way  onward.  The  dark  opening,  somewhat  re- 
sembling a  fish's  mouth,  contains  six  stars,  which  are  no  doubt 
responsible  for  the  disappearance  of  the  nebulosity  at  this 
point.  A  dark  lane  such  as  we  observed  in  the  Trifid  Nebula 
seems  to  be  here  in  process  of  formation. 

The  spiral  nebula,  Messier  51  in  Canes  Venatici,  shows  the 

predominant  action  of  the  force  due  to  the  attraction  of  the 

central  mass.    One  of  the  last,  and  perhaps  the  greatest,  of  the 

discoveries  made  by  Professor  Keeler  was,  that  a  large  pro- 

'  portion  of  existing  nebulae  have  this  spiral  form. 

Next  in  order  conies  the  Ring  Nebula  in  Lyra,  and  last 
planetary  nebulae. 

We  have  traced  the  progression  from  the  diffuse  form- 
less clouds  of  excessively  taint  nebulosity  to  the  more  dense 
irregular  masses,  and  passed  to  the  more  regular  spiral,  ring, 
and  planetary  nebula.  The  slow  process  of  contraction  i>  n<  >t 
always  left  to  take  its  course  undisturbed,  but  it  triumphs  in 
the  end. 

The  Ring  Nebula  may  have  been  evolved  from  a  spiral,  or 
it  may  be  a  coordinate  form,  developed  under  more  peaceful 
circumstances,  where  the  force  of  the  mutual  attraction  of  the 
particles  is  not  interfered  with  by  disturbing  influences  from 
the  outside.  IVrbaps  the  amount  of  rotational  energy  con- 
tained in  the  original  mass  is  the  deciding  factor,  slow  rota- 
tion being  favorable  to  the  formation  oi  a  ring  and  rapid 
rotation  favoring  the  spiral  form.  Professor  Sen akp.kku  's 
conclusion,  that  the   King  Nebula  in  Lyra  is  a  closely- wound 

*  See  trtmtisjiln  <;  to   No.    ','.ol'   these    /'liffltt  at  torn  . 

It  was  de-a^m-d  to  have  a  ^/n<->  of  seven  plates  to  illustrate  the  ncbuke  referred  to 
by  Or.  Xi'Ukikk.  hut  to  our  regret  cireunistanres  beyond  our  control  made  this  im  pos- 
sible.—  Till'!   K 1 1 1  t •  >k  --. 
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spiral,  has  an  important  bearing  on  this  point.  However  this 
may  be.  it  is  certain  that  the  ring  form  is  one  of  transition 
which  will  some  day  give  place  to  one  more  stable.  In  ages 
to  come  the  material  composing  the  Ring  Xebula  in  Lyra  will 
gather  itself  together  into  a  central  sun,  accompanied  perhaps 
by  a  family  of  planets,  and  thus  become  a  mature  member  of 
the  family  of  the  universe. 


ASTRONOMICAL  OBSERVATIONS   IN    1903. 


Made  by  Torvald  Kohl,  at  Odder,  Denmark. 
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*  Vide  the  sketch  in  the  Publications  A.  S.  P..  No.  48,  p.  69. 
t  Vide  the  sketch  in  the  Publications  A.  S   P.,  No.  73,  p.  56. 
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In  the  last  two  months  no  observations  could  be  made  on 
account  of  change  of  abode  and  removing  of  the  observatory 
to  another  place  in  the  town. 


/  'uie  the  skrt«  h  in  the  Publications  A.  S.  V.,  \<>.  22.  y. 
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A   BRIEF   ACCOUNT   OF   THE    OBSERVATORY    AT 
THAMES,   N.  Z. 

(Long.,  uh  42m  ios.57;  Lat.,  S.  370  8'  2y"2i.) 


By  J   Grigg. 


This  observatory  was  erected  in  1884,  and  contains  a  3*4- 
inch  refractor,  by  Wray,  equatorially  mounted,  a  i*4-inch 
transit,  by  Latimer  Clark,  with  mean-time  and  sidereal  clocks  ; 
also  a  few  subsidiary  instruments. 

The  observations  hitherto  made  include  transits,  eclipses, 
occultations,  sun-spots,  comets,  and  nebulae.  Photographic  rec- 
ords were  also  made  for  a  few  years,  but  afterwards  discon- 
tinued as  regular  work. 

Since  1886,  every  comet  visible  has  been  observed,  its  path 
recorded,  and  its  orbit  investigated. 

Since  1894,  systematic  search  has  been  made  for  new 
comets,  by  sweeping  the  southwest  sky.  and  the  position  of 
every  nebulous  object  met  with  recorded. 

In  the  latter  part  of  1894,  Encke's  comet  being  visible  to 
northern  observers,  a  search  ephemeris  was  prepared  for  its 
southern  path,  by  which  it  was  found  on  February  24  and  25. 
1895,  its  position  agreeing  very  closely  with  that  given  in 
Obscrratcry,  \«».  _>jS.  which  came  to  hand  two  months  later. 
So  far  as  the  writer  knows,  these  were  the  only  post-perihelion 
observations  made.  An  ephemeris  was  afterwards  prepared 
for  searching  for  it  on  its  return  in  iS;S.  by  which  it  was 
found  on  June  Unh,  iSh  <  i.  M.  T.  The  information  was  posted 
to  Sydnev,  and  proved  to  he  the  earliest  recorded  by  several 
davs.  This  was  afterwards  acknowledged  in  the  I'ltbliciitioiis 
of  the  Astronomical  Society  of  the  Pacific  and  the  Royal 
Astronomical  Society. 

The  onlv  new  comets  hitherto  discovered  here  have  been 
1902  c  and   1903  b. 

The  observatorv  is  not  vet  provided  with  charts  and  cata- 
logues of  the  smaller  telescopic  >tars;  hence  micrometric  meas- 
urements can  verv  rarely  be  made,  as  the  tube  of  the  telescope 
has  to  he  shifted  to  the  nearest  known  star  for  comparison  ; 
but  it  is  estimated  that,  except  near  the  k<  riz  >n.  the  apparent 
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position  can  generally  be  ascertained  within  about  two  minutes 
of  arc. 

November,  1903. 


PLANETARY     PHENOMENA    EOR    MARCH    AND 
APRIL,    1904. 

By  Malcolm  McNeill. 

PHASES    OF    THE    MOON,    PACIFIC    TIME. 


Full  Moon,      March  1,  6h48,up.M. 

Last  Quarter,      4t       8,  5     1    p.m. 

New  Moon,         "     16,  9  39    p.m. 

First  Quarter,     "     24,  1   36    p.m. 


Full  Moon, 


31,       4   44    A  M. 


Last  Quarter,  April  7,  9h53°>A.M. 

New  Moon,        "    15,  1    53    p.m. 

First  Quarter,    "22,  8    55    p.m. 

Full  Moon,        "29,  2    36    p.m. 


On  the  evening  of  March  22(1  the  first-magnitude  star 
a  Tauri  will  be  occulted  by  the  Moon.  The  occupation  will  be 
visible  from  most  parts  of  the  United  States,  but  the  exact 
times  vary  so  that  the  time  for  one  place  does  not  give  much 
aid  in  estimating  the  times  for  other  places.  Another  occulta- 
tion  of  the  same  star  will  occur  on  April  18th,  but  it  can  prob- 
ably not  be  seen  from  any  part  of  the  country  except  possibly 
the  extreme  west. 

There  will  be  an  annular  eclipse  of  the  Sun  on  March  16th. 
The  path  of  the  annulus  runs  from  eastern  Africa,  through  the 
Indian  Ocean,  Siam,  and  ends  in  the  Pacific.  This  is  one  of 
the  two  eclipses  of  the  year.  The  other  will  come  on  Septem- 
ber 9th,  and  will  be  total  solar. 

The  Sun  passes  the  vernal  equinox  and  spring  begins 
March  20,  5  p.m..  Pacific  time. 

Mercury  is  a  morning  star  at  the  beginning  of  March,  but 
is  too  near  the  Sun  for  naked-eye  observation,  rising  only  about 
forty  minutes  before  sunrise.  It  rapidly  approaches  the  Sun, 
passing  superior  conjunction  and  becoming  an  evening  star  on 
the  afternoon  of  March  26th.  After  that  it  rapidly  increases 
its  distance  from  the  Sun  until  it  reaches  greatest  east  elonga- 
tion, 20  12.  on  the  afternoon  of  April  21st.  It  then  remains 
above  the  horizon  for  an  hour  and  three  quarters  after  sunset, 
and  may  be  easily  seen  in  the  evening  twilight.  At  the  end 
of  April  it  sets  about  an  hour  and  a  half  after  sunset.     The 
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last  two  weeks  in  April  give  the  best  chance  of  the  year  for 
seeing  the  planet  as  an  evening  star.  It  passes  only  5'  south 
of  Jupiter,  just  five  hours  after  passing  conjunction  with  the 
Sun  on  March  26th.  Unfortunately  the  proximity  of  the  Sun 
prevents  observation  even  with  a  telescope.  Mercury  is  in 
conjunction  with  Mars,  i°  16'  north,  on  the  afternoon  of  April 
8th.  and  it  is  barely  possible  that  the  two  planets  may  be  seen 
near  together  on  the  evening  of  that  day. 

Venus  is  still  a  morning  star,  but  is  moving  eastward  faster 
than  the  Sun.  and  the  two  bodies  are  therefore  apparently 
drawing  nearer.  On  March  1st  it  rises  an  hour  and  one  half 
before  sunrise,  but  by  the  end  of  April  the  interval  has  dimin- 
ished to  about  forty  minutes.  On  account  of  the  superior 
brightness  of  J'enus,  the  planet  can  probably  still  be  seen  be- 
fore sunrise,  although  none  of  the  other  planets,  except  possibly 
Jupiter,  could  be  seen  with  the  naked  eye  at  this  short  distance 
from  the  Sun.  It  is  in  close  conjunction  with  Saturn,  passing 
o°  20'  north  on  the  evening  of  March  7th.  and  with  Jupiter  on 
the  morning  of  April  23d,  passing  o°  30'  south. 

Mars  still  remains  an  evening  star,  but  toward  the  end  of 
the  two-months'  period  it  is  rather  too  near  the  Sun  for  naked- 
eye  observation.  On  March  1st  it  sets  about  two  hours  after 
sunset,  and  at  the  end  of  April  less  than  forty  minutes  after. 
As  in  January  and  February,  the  h  cal  mean  time  of  setting 
remains  nearh  constant.  ~h  y  >'"  i\  m.  mi  March  1st.  Jh  33"'  •  >n 
April    is!,  and  jh  2m1"  ,m    May    1st. 

Jupiter  is  a  Is...)  near  the  Sun.  <  >n  March  1  si  it  sets  a  little 
ni<>re  than  an  hour  and  a  half  after  the  Sun;  but  the  apparent 
distance  between  the  bodies  grows  rapidly  smaller,  and  the 
planet  passes  en  junction  <  »n  the  morning  of  March  Jjth. 
It  then  becomes  a  morning  star,  and  is  rapidly  left  behind  by 
the  Sun  in  their  common  eastward  motion,  so  that  by  the  end 
of  April  it  rises  about  an  hour  and  three  quarters  before  sun- 
rise. 

Saturn  is  also  a  morning  star,  rising  about  an  hour  before 
sunrise  on  March  1st.  and  at  the  <_\\i\  of  April  at  a  little  before 
2  a.m.  During  this  time  it  moves  about  5  eastward  and  a 
little  northward  in  the  eastern  part  of  the  constellation  L'upn- 
coni.  As  seen  in  the  telescope,  the  rings  appear  less  wide  open 
than  when  the  planet   was  seen   as  an  evening*  star  during  the 
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early  winter,  the  ratio  of  minor  to  major  axis  being  less  than 
one  fourth  on  April  30th.  This  shutting  up  of  the  rings  has 
a  material  effect  in  diminishing  the  brightness  of  the  planet. 

Uranus  continues  to  rise  earlier,  before  3  a.m.  on  March 
1st,  and  before  11  p.m.  on  April  30th.  It  is  in  the  western 
part  of  Sagittarius,  and  moves  eastward  until  April  4th.  and 
then  moves  westward,  about  half  of  one  degree  each  way. 

Neptune  is  in  the  western  sky  throughout  the  evening, 
setting  at  about  3  a.m.  on  March  1st,  and  at  about  11  p.m.  on 
April  30th.     It  is  in  Gemini. 


NOTICES   FROM   THE    LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


The  Lalande  Prizk  Awarded  tu  Director  Campbell, 

Comptcs  Rcndus,  1903,  December  21st,  publishes  the  fol- 
lowing report  of  Commissioners  Loewy,  Callandreal',  \Vui.f, 
Kauai*,  Janssen,  and  Desland&es,  of  the  Academic  des 
Sciences  in  awarding  to  Professor  W.  W.  Campbell  the  La- 

lande  Prize.  This  annual  prize  is  awarded  to  the  person  who, 
in  Prance  or  elsewhere,  has  "  made  the  most  interesting  ob- 
servation, or  written  the  memoir  or  accomplished  the  work 
most  useful  to  the  progress  of  astronomy." 

11  The  commission  proposes  unanimously  to  award  the  La- 
land  e  prize  to  M.  Campbell,  of  the  Lick  Observatory 
(California). 

"  XL  Camitkil,  connected  for  fifteen  years  with  this  ob- 
servatory, first  as  astronomer,  then  as  director,  has  made  the 
best  possible  use  of  the  great  instrument  and  of  the  favorable 
situation  of  the  observatory.  Stellar  spectroscopy  and  astro- 
physics have  particularly  attracted  him,  and  in  this  new  line 
of  research,  he  has  made  important  discoveries. 

11  He  has  taken  up  and  followed  the  two  principal  lines  of 
application  of  spectrum  analysis  to  the  stars,  namely  the  in- 
vestigation of  their  chemical  composition  and  physical  condi- 
tion, and  the  investigation  of  their  radial  velocity* 

u  To  him  we  owe  the  most  thorough  study  of  the  numerous 
remarkable  temporary  stars  of  recent  years ;  he  has  been  able 
to  follow  to  the  last  stages  of  their  decline  the  most  difficult 
for  observation  and  to  recognize  their  more  or  less  complete 
transformation   into  nebula?. 

"  He  has  also  been  largely  occupied  with  the  spectra  of 
variable    stars   and   of  numerous    stars    exhibiting   individual 
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peculiarities ;  he  has  found  a  great  number  of  stars  which 
contain  in  their  spectra  both  bright  and  dark  lines  from  the 
same  origin,  and  which  thus  form  in  a  sense  an  entirely  new 
type. 

44  In  the  investigation  of  radial  velocities  his  work  is  im- 
portant. He  has  discovered  about  thirty  spectroscopic  binaries 
— a  larger  number  than  discovered  by  any  other  observer.  One 
of  these  has  such  variations  of  radial  velocity  as  to  indicate 
two  periods,  and  is  therefore  a  triple  system. 

44  In  this  time  he  directed  one  of  the  American  expeditions 
sent  to  the  Indies  to  observe  the  total  solar  eclipse  of  1898. 
The  results  obtained  regarding  the  spectrum  and  rotation  of 
the  solar  corona  arc  of  the  greatest  interest. 

44  These  many  works  assure  M.  Campbell  one  of  the  first 
places  among  modern  astronomers. 

44  The  conclusions  of  this  report  are  adopted  by  the 
Academy." 

The  New  Year's  Time-Signals  from  Washington,  D.  C. 

The  series  of  time-signals  sent  from  the  U.  S.  Naval  Ob- 
servatory throughout  the  United  States  at  the  beginning  of 
the  year  created  no  little  interest. 

The  standard  clock  of  the  observatory  was  connected  by 
wire  with  the  local  telegraph-office  and  the  beats  of  the  clock 
were  transmitted  to  all  parts  of  the  country.  The  electric  con- 
nections of  the  clock  are  such  as  to  omit  certain  seconds,  en- 
abling any  one  listening  to  a  sounder  to  recognize  the  begin- 
ning of  each  minute  and  especially  the  first  minute  of  the 
hour.  The  rive  seconds  preceding  the  beginning  of  the  minute 
are  omitted,  and  for  the  beginning  of  the  hour  the  ten  seconds 
preceding  are  omitted.  Hence  the  observer  listening  to  the 
sounder  is  enabled  to  identify  the  hour,  minute,  and  second 
of  the  Naval  Observatory  clock  and  compare  it  with  his  own. 

The  time-signals  were  received  at  this  Observatory  by  tele- 
phone from  the  sounder  in  the  Western  Union  office  at  San 
Jose  at  ten,  eleven,  and  twelve  o'clock,  and  a  comparison  made 
with  the  beats  of  a  sounder  electrically  connected  with  our  own 
standard  clock.  It  so  happened  that  the  standard  clock  at 
this  place  was  exactly  correct  at  midnight,  so  that  in  making 
a  comparison  no  correction  was  needed.     At  ten  o'clock  and 
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eleven  o'clock  the  comparisons  were  made  by  listening  to  both 
sounders — one  through  the  telephone-receiver,  the  other  in  the 
telephone,  both  beside  the  observer.  The  sounders  beat  very 
nearly  together,  but  it  was  thought  that  the  Washington 
clock  beat  about  os.o5  after  our  own  clock. 

At  twelve  the  two  clocks  were  compared  upon  a  chrono- 
graph— the  observer  in  the  telephone  booth  hearing  only  the 
beats  of  the  Washington  clock  and  recording  them  by  breaking 
an  electric  circuit  connected  with  the  chronograph.  The 
chronograph-sheet  was  read  later,  and  for  a  series  of  twenty 
consecutive  records  showed  the  Washington  clock  to  beat 
-f-  os.047  later  than  our  own. 

It  is  proposed  by  the  Naval  Observatory  to  send  out  such 
signals  each  New  Year,  and  no  doubt,  as  people  become  fa- 
miliar with  the  custom,  a  great  deal  of  interest  will  be  taken  in 
the  matter. 

Note  on  Comet  Brooks. 

My  observations  of  this  interesting  short-period  comet 
from  the  date  of  its  rediscovery,  August  18,  1903,  to  October 
24,  1903,  are  published  in  Lick  Observatory  Bulletin,  No.  49. 
During  this  period  the  comet's  brightness  diminished  rapidly, 
so  that  on  the  last  date  it  was  very  difficult  to  make  measures 
•  if  it   ivtii   with  the  i^reat  telescope. 

Stormy  weather  and  moonlight  prevented  further  observa- 
tions until  I  krembcr  iutli.  when  it  was  found  that  a  marked 
change  had  taken  place  in  the  comet's  appearance.  It  \\:i- 
brighter  than  it  had  been  when  tirst  observed  in  August,  and. 
had  developed  a  nuclear  condensation  that  was  almost  sharp 
enough  to  be  called,  stellar.  As  the  comet's  distance  from  the 
Karth  had  meanwhile  increased  by  nearly  seventy  millions  ui 
miles,  this  change  must  be  credited  to  the  internal  activity  of 
the  comet,  doubtless  due  to  its  passage  through  perihelion 
early  in  1  )ccembcr. 

An  observation  secured  on  January  15,  1904,  shows  thai 
the  comet  will  pn»babl\  remain  visible  until  March,  if  weather 
conditions  are  favorable.  \{    (]    Aitkfx 

January  19,  1904. 


GENERAL    NOTES. 


The  Astronomical  Journal,  Xo.  551,  contains  an  article  by 
Paul  S.  Yendell,  on  "The  Light  Variations  of  320  U  Cephcu' 
The  variability  of  this  star,  of  the  Algol  type,  was  announced 
by  Cekaski  in  1880,  and  as  there  were  but  five  stars  of  this 
interesting  class  of  variables  known  at  that  time,  the  announce- 
ment attracted  considerable  attention. 

Mr.  Yendell  has  collected  all  the  observations  of  this  star, 
— over  three  thousand  altogether, — and  has  made  a  very  care- 
ful discussion  of  them  to  determine  the  form  of  the  light-curve. 
The  magnitudes  of  the  comparison-stars  were  determined 
photometrically  by  Dr.  Mullek,  of  Potsdam;  and  Chandler's 
elements,  which  were  found  to  represent  the  observations  very 
closely,  were  used  in  the  discussion.  As  an  indication  of  the 
care  with  which  the  investigation  has  been  made  and  of  the 
refinement  obtained  in  variable-star  observations,  it  might  be 
noted  that  it  was  necessary  to  discuss  separately  the  observa- 
tions made  in  the  spring  and  those  made  in  the  autumn.  A 
small  but  appreciable  difference  is  found  in  the  resulting  curves, 
the  difference  being,  in  all  probability,  a  subjective  rather  than 
a  real  one,  caused  by  the  different  relative  positions  of  variable 
and  comparison-stars  in  east  and  west  hour-angles.  It  is  to  be 
regretted  that  no  photometric  observations  of  this  star  have 
been  made,  because  with  a  properly  arranged  photometer  this 
subjective  effect  can  be  entirely  eliminated.  It  is  to  be  re- 
gretted, also,  that  Mr.  Yendell  has  not  published  graphical 
representations  of  the  curves  derived.  These  help  the  reader 
immensely  in  properly  grasping  the  results  of  the  investigation. 
Regret  number  three  may  be  in  order  at  this  point.  Yendell's 
results  have  been  obtained  from  discussion  of  the  observations 
of  eight  persons, — Baxendell,  senior  and  junior,  Chandler, 
Knott,  Plassmann.  Schwab,  Sperra,  and  Yendell.  Only 
one  of  the  series  of  observations  made  by  these  persons, 
Knott's,  and  a  part  of  Plassmann's,  have  been  published.  All 
of  the  other  observations,  fully  two  thirds  of  the  whole,  were 
transmitted  to  Mr.  Yendell  in  manuscript.  And  so  it  is,  if 
any  one  wishes  to  make  an  exhaustive  study  of  the  light-varia- 
tions of  any  variable,  it  is  necessary  to  send  letters  all  over 
the  world  and  ask  variable-star  observers  to  transmit  their 
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observations.  This  they  are  usually  very  glad  to  do,  but  it 
is  easily  seen  that  it  would  be  much  better  for  both  observer 
and  computer  if  the  variable-star  observations  could  be  pub- 
lished. It  is  respectfully  suggested  that  this  might  be  an  ap- 
propriate matter  for  the  trustees  of  the  Carnegie  Institution  to 
take  under  consideration.  S.  D.  T. 


The  Astronomical  Journal,  No.  553,  contains  the  results  of 
some  important  investigations  by  Dr.  Chandler,  being  a  revi- 
sion of  the  elements  of  his  third  catalogue  of  variable  stars, 
published  in  1896.  All  observations  published  since  that  time 
have  been  used  in  determining  the  revised  elements.  An  im- 
portant feature  of  the  tabulation  published  is  contained  in  the 
last  three  columns,  which  give  the  number  of  maxima  and  the 
number  of  minimi  that  have  been  used  in  deriving  the  revised 
elements,  together  with  the  limiting  dates  between  which  the 
observations  were  made.  The  observer  can  see  at  a  glance 
which  stars  are  in  most  need  of  observation.        S.  D.  T. 


The  Memoirs  of  the  British  Astronomical  Association,  Vol- 
ume XI,  Part  IV,  contain  the  fifth  report  of  the  section  for  the 
observation  of  variable  stars.    The  observations  were  made  by 

about  twenty  members  of  the  Association,  under  the  direction  of 
I'ol.  F.  F.  Makwh'k,  and  the  present  report  covers  the  work 
done  in  the  three  years  190)0-10,02.  The  instruments  used  vary 
in  size  from  one  to  twelve  inches,  the  larger  instruments  being 
reflectory  The  programme  included  the  observation  of  four 
variables  of  the  . -ll^ol  type,  nine  short-period,  twenty-live  long- 
period,  and  eight  irregular  ones,  and  a  total  of  7.450  observa- 
tions were  made.  These  observations  have  all  been  reduced, 
and  the  resulting  light-curves  graphically  represented  in  the 
memoir,  a  feature  to  be  highlv  commended.  S.  I).  T. 


In  Monthly  \  of  ices  of  the  J\\>yal  Astronomical  Society, 
Volume  FXI1I.  Xo.  (),  there  is  an  important  article  bv  Pro- 
fessor Wadsw oki  ii.  Director  oi  the  Allegheny  ( )bscrvator\ . 
on  "The  Construction  of  Telescopes  Whose  Relative  or  Abso- 
lute Focal  Length  Shall  l»e  Invariable  at  All  Temperatures." 
Two  chief  factors  are  to  be  reckoned  with  in  this  investigation. 
— the  change  in  the  focal  length  of  the  lens  combination,  and 
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the  change  in  the  length  of  the  telescope  tube,  and,  for  prac- 
tical purposes,  the  problem  will  be  solved  if  these  two  parts 
of  the  telescope  be  constructed  of  such  materials  that  the 
change  in  the  one  is  just  compensated  by  the  change  in  the 
other.  There  are  three  variables  at  the  disposal  of  the  inves- 
tigator, the  density  of  the  crown  glass,  the  density  of  the  flint 
glass,  and  the  material  of  the  telescope  tube.  Professor 
Wads  worth's  attention  was  first  called  to  this  subject  by  the 
peculiar  behavior  of  the  new  steel-tube  meridian-circle  of  the 
Naval  Observatory.  While  using  this  new  instrument  Pro- 
fessor Updegraff  found  an  unmistakable  change  in  its  ap- 
parent focal  length  with  changes  of  temperature;  and  it  now 
appears  that  the  amount  of  the  change  agrees  very  closelv 
with  that  deduced  by  Professor  Wadsworth  from  the  theoret- 
ical considerations.  It  appears,  from  the  investigation,  that  for 
the  lenses  usually  used  for  meridian-circles  a  brass  tube  gives 
almost  perfect  compensation,  but  a  steel  tube  does  not.  It  is 
possible,  however,  to  so  vary  the  glass  of  the  lenses  that 
compensation  may  be  obtained  with  a  steel  tube. 

It  is  possible  to  bring  another  variable  into  the  investiga- 
tion, and  thus  increase  the  exactness  of  the  compensation,  by 
constructing  the  telescope-tube  of  two  parts  of  different  mate- 
rials. This  may  not  be  desirable  for  meridian-circles,  but 
probably  not  objectionable  for  equatorials.  Professor  Wads- 
worth  suggests  one  combination  of  steel  and  nickel  steel. 

This  subject  of  changes  in  focal  length  is  of  great  im- 
portance in  all  meridian-circle,  heliometer,  photographic,  mi- 
crometric,  and  spectrographic  work,  and  designers  of  instru- 
ments will  do  well  to  take  heed  of  the  results  obtained  by 
Professor  Wadsworth.  S.  D.  T. 


The  leading  article  in  the  Astrophysical  Journal  for  October 
is  one  by  Dr.  Hartmann,  entitled  "A  Revision  of  Rowland's 
System  of  Wave-Lengths."  By  way  of  introduction,  Dr. 
Hartmann  says:  "Rowland's  system  of  wave-lengths  has 
become  the  basis  of  all  spectroscopic  measurements  made  in 
recent  years,  and  with  the  progressive  increase  in  the  precision 
of  these  measures  the  necessity  has  now  arisen  of  testing  the 
reliability  of  that  important  basis,  and,  in  case  it  should  not 
appear  as  adequate,  of  correcting  it  by  new  series  of  observa- 
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tions,  in  order  thus  to  create  a  foundation  sufficient  for  all 
demands." 

Dr.  Hautmaxn  then  goes  on  to  explain  the  methods  used 
by  Rowland  in  determining  the  wave-lengths  of  the  various 
tables  published  by  him,  concluding  that  Rowland's  ^Prelimi- 
nary Table  of  Solar  Spectrum  Wave-Lengths''  is  the  most 
accurate.  Even  this  table,  however,  according  to  Hartmann's 
investigation,  has  a  small  systematic  error  running  through  it, 
but  he  thinks  it  is  now  possible  to  determine  the  necessary 
corrections  to  Rowland's  wave-lengths.  Special  and  delicate 
apparatus  will  be  required  for  carrying  out  this  work,  and 
Hartmann  suggests  that  it  would  be  advisable  to  have  these 
researches  carried  out  independently  at  a  number  of  places. 

S.  D.  T. 

Sir  William  Ramsay,  F.  R.  S.,  addressed  the  British 
Astronomical  Association  in  London  recently  on  "Some  Spec- 
ulations Regarding  Stars  and  Atoms."  In  1878  the  French 
astronomer  Janssen,  and  Sir  Norman  Lockyer,  in  England, 
discovered  a  line  in  the  Sun's  spectrum  near  that  which  marks 
the  presence  of  sodium,  and,  as  it  was  then  supposed  to  in- 
dicate an  element  peculiar  to  the  Sun  and  unknown  on  Earth, 
it  was  called  helium.  Sir  William,  by  careful  search,  detected 
this  supposed  unknown  clement  in  the  mineral  clevite.  The 
discovery  came  mo>t  opportunely,  for  it  followed  the  rinding  <A 
ar^on  in  the  atm-  sphere,  and  helium  belongs  to  the  same  class 
as  ar^on,  in  beini;*  an  inert  body  incapable  oi  forming  combina- 
tions with  others.  Since  then  other  similar  elements — neon, 
krypton,  xenon — have  been  identified  in  the  air,  and  thev  are 
of  the  same  inert  class.  lint  these  elements,  especially  helium 
and  krypton,  seem  to  afford  an  alluring  link  connecting  terres- 
trial physics  and  chemistry  with  those  of  the  Sun  and  -tars. 
<  'ne  of  tiie  speculations  on  which  Sir  William  ventured  was. 
that  the  action  of  krypton  may  explain  that  hitherto  obscure 
phenomenon,  tin-  aurora  borcalis.  There  is  now  reason  to 
believe,  as  one  outcome  of  the  examination  of  radio-active 
bodies,  that  the  Sun  not  only  sends  out  rays  of  li^ht  and  beat, 
but  is  al-o  continually  projecting  into  space  corpuscles  of  elec- 
trified matter  which  electrify  the  regions  of  the  upper  atmos- 
phere.      It    has    Ioiimt    been    thought    that    the    aurora    was    an 
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electrical  phenomenon.  Its  radiant  arch  and  brilliant  streamers 
give  this  impression  naturally.  The  problem  was  to  identify 
the  constituent  of  the  atmosphere  which  was  the  subject  of  the 
electrifying  action.  Professor  Ramsay  believes  that  he  has 
discovered  that  constituent  in  krypton.  In  the  ocean  of  air 
above  us  a  ceaseless  circulation  is  going  on  between  the  tropics 
and  the  polar  regions,  the  heated  air  of  the  equatorial  zone 
Mowing  northward  at  a  great  elevation,  while  the  polar  cur- 
rents return  at  a  lower  level  to  the  tropics.  There  is  cause  for 
thinking  that  krypton,  though  a  heavy  gas,  ascends  to  the 
higher  regions,  because  the  element,  being  monatomic,  would 
be  more  powerfully  affected  by  tropical  heat  than  elements  like 
hydrogen  and  oxygen,  made  up  of  molecules  of  two  atoms. 
And  in  those  upper  regions  of  the  air  we  can  suppose  that  it 
is  electrified  by  solar  corpuscles,  and,  becoming  denser  in  the 
polar  circle,  gives  out  the  aurora  discharge.  More  than  this, 
Sir  William  showed  that  in  a  laboratory  experiment  with 
air  in  a  globe  containing  krypton  an  auroral  light  can  be  pro- 
duced. Moreover,  the  spectrum  of  the  aurora  and  of  krypton 
appear  to  be  identical.  Having  described  the  discovery  by 
Becqi'ekel  of  the  principle  of  radio-activity,  and  the  isolation 
by  Madame  Curie  of  the  most  wonderful  example  of  that 
principle  with  radium,  Sir  W.  Ramsay  explained  the  three 
species  of  radiations  from  radium, — the  alpha  rays,  which  are 
easily  stopped ;  the  beta  rays,  which  are  -more  penetrating 
(these  two  being  material  corpuscles  charged  with  electricity)  ; 
and  the  gamma  rays,  which  will  go  through  several  inches  of 
lead,  and  are  undulations  of  ether  resembling  those  of  light  or 
electricity.  Besides  these  was  the  emanation  of  a  heavy  gas 
leaving  a  residuum,  which  he  and  Mr.  Soddy  had  proved  to  be 
helium.  Professor  J.  J.  Thomson  had  made  it  probable  that 
the  corpuscles  given  off  by  atoms  were  electrons,  the  alpha 
rays  being  positively  and  the  beta  negatively  electrified;  and 
they  could  conceive  of  an  atom  as  a  system  in  which  a  large 
number  of  small  bodies  might  be  revolving  round  a  center. 
Dr.  Johnstone  Stoney  had  pointed  out  that  there  was 
probably  a  natural  limit  to  the  size  of  the  suns  and  stars. 
When  a  sun  exceeded  a  certain  volume  a  portion  of  its  mass 
would  be  thrown  off.  So  it  might  be  with  the  atom.  In 
uranium  and  radium  they  had  the  heaviest  known  elements, 
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and  these,  passing  the  natural  limit  of  atomic  dimensions, 
might  be  throwing  off  the  electrons  which  in  the  case  of  radium 
produced  such  marvelous  effects. — Extract  from  the  Scotsman. 


Harnessing  the  Dog  Star, — A  French  astronomer,  M. 
Touch et,  who  has  previously  photographed  objects  by  the 
light  of  Venus  and  Jupiter,  has  now  succeeded  in  obtaining  a 
photograph  by  the  light  of  Sirius,  the  most  brilliant  of  all  the 
stars.  An  ordinary  camera  was  used,  but  the  customary  ob- 
jective was  replaced  by  a  cardboard  tube,  to  the  end  of  which 
a  small  brooch,  the  object  it  was  intended  to  photograph, 
was  affixed.  The  light  of  the  star  was  concentrated  upon  the 
brooch  through  a  powerful  lens,  and  the  exposure  lasted  an 
hour  and  five  minutes.  The  result  was  an  admirable  photo- 
graph of  the  star  with  a  clear  reproduction  of  the  brooch  in 
its  center.  When  it  is  remembered,  says  the  Debats,  that  Sirius 
is  ninety-two  trillion  of  kilometers  from  the  Earth,,  and  that 
its  light  takes  nine  years  and  nine  months  to  reach  us,  the  rays 
which  permitted  the  photograph  to  be  taken  must  have  been 
traveling  through  space  since  1894  at  the  tremendous  rate  of 
187,500  miles  per  second. — Dalzicl,  London  Daily  Graphic, 
Dec.  5,  1903. 


A  Royal  Medal  of  the  Royal  Society  has  been  awarded  to 
Sir  David  din.,  K.  C.  \\.,  1\  R.  S..  for  his  researches  in  solar 
and  stellar  parallax,  and  his  energetic  direction  of  the  Royal 
Observatory  at  the  Cape  of  dood  Hope. 


It  is  reported  that  among-  the  subjects  now  under  consid- 
eration by  the  Carnegie  Institution  in  connection  with  grants 
are  a  solar  observatory,  a  southern  observatory,  a  geophysical 
observatory,   and  the   establishment   of   international   magnetic 


researches. 


Transit-room  shutters  of  a  new  design  by  Professor  I).  1'. 
Todd  were  erected  the  last  week  in  November  at  Amherst  Col- 
lege Observatory.  They  were  built  by  the  Coburn  Trolley 
Track  Company  and  the  Xorton  Iron  Works,  with  special  ref- 
erence to  ease  and  rapidity  of  working. — Science.  Dec.  iS.  roo;. 
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Our  amateur  astronomers  may  be  interested  in  the  brief 
description,  in  the  January  number  of  Popular  Astronomy,  of 
a  fourteen-foot  dome  built  by  one  of  our  members,  Mr.  C.  F. 
Harms,  of  Brooklyn,  N.  Y.  It  is  a  good  solution  of  the 
problem  to  attach  to  a  residence,  at  a  reasonable  cost,  a  dome 
answering  all  reasonable  demands. 


Mr.  Andrew  Grieg  sends  us  the  following  interesting  ex- 
tract from  the  Scotsman:  "In  a  recent  lecture  on  'Other  Worlds 
than  Our  Own,'  Sir  Robert  Ball  said  we  were  most  interest- 
ed in  our  next-door  neighbors,  Venus  and  Mars.  With  regard 
to  Venus,  the  Professor  accepts  as  proved  the  theory  on  which 
Mr.  Wallace  relies,  that  it  always  turns  the  same  face  to  the 
Sun,  so  that  one  hemisphere  has  perpetual  night,  and  the  other 
unending  day.  He  did  not  think  that  Venus  was  now  the 
habitation  of  rational  beings.  Life  there  might  be,  but  scarce- 
ly that  of  sentient  beings  like  ourselves.  Looking  at  the  scores 
of  millions  of  years  of  this  world's  existence,  and  the  fact  that 
100,000  years  would  be  a  liberal  estimate  for  human  history, 
it  seemed  scarcely  likely  that  rational  life  on  Venus  would  be 
simultaneous  with  that  here. 

"  For  various  reasons  Sir  Robert  was  inclined  to  think  that 
no  other  planet  of  the  solar  system  is  likely  to  be  inhabited  at 
present  by  creatures  like  ourselves.  In  some  the  time  is  past; 
in  others  it  may  be  yet  to  come.  In  time  past  the  Moon  may 
have  been  inhabited,  but  no  distinct  trace  of  atmosphere  is 
now  found,  and  its  seas  seem  to  have  sunk  into  the  cavernous 
interior,  as  most  probably  some  day  the  Earth's  seas  will  do. 

"  Professor  Ball  dismisses  the  canals  of  Mars  as  optical 
illusions,  and  is  disposed  to  believe  that  we  see  few  if  any  seas 
on  its  surface,  but  rather  certain  areas  capable  of  supporting 
vegetation,  and  others  desert.  The  pictures  of  Jupiter  seemed 
to  suggest  that  the  planet  was  still  too  hot  to  be  peopled — not 
through  the  Sun's  heat,  for  that  was  only  one  twentieth  of 
what  we  received — but  in  consequence  of  Jupiter's  own  high 
temperature  as  a  cooling  globe.  What  water  exists  is  most 
likely  not  on  the  planet's  surface,  but  is  carried  as  vapor  in  its 
vast  atmosphere.  A  succession  of  lime-light  pictures  was 
thrown  on  the  screen  to  emphasize  the  transcendent  grandeur 
of  the  stellar  universe,  and  the  countless  number  of  worlds 
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which  it  must  contain.  We  see  only  the  suns  and  bright 
nebulae,  but  the  dark  unseen  worlds  were  almost  certainly 
many  times  more  numerous.  While  rejecting  the  idea  of  an 
infinite  universe  with  an  infinite  number  of  suns, — because  then 
the  firmament  would  be  a  blaze  of  light, — he  enforced  the 
thought  that  the  whole  of  this  group  of  worlds  had  a  greater 
design  than  merely  to  teach  man  his  insignificance,  and  that 
it  was  reasonable  to  suppose  as  there  were  suns  vastly  greater 
than  ours,  so  there  were  many  'other  worlds  than  ours/  some  of 
them  inhabited  by  beings  of  far  greater  capacities. " 


The  Moon:  A  Summary  of  the  Existing  Knowledge  of 
Our  Satellite.  With  a  complete  Photographic  Atlas. 
By  William  H.  Pickering,  of  Harvard  College  Obser- 
vatory. One  hundred  illustrations.  New  York:  Double- 
day,  Page  &  Company,  1903.     Price,  special  net,  $10.00. 

Although  the  title  as  given  above  states  that  this  volume 
is  a  summary  of  the  existing  knowledge  of  our  satellite,  the 
author  in  the  first  sentence  of  his  preface  says,  "  It  is  intended 
in  the  present  volume  to  give  an  account  of  some  of  the  more 
recent  advances  in  our  knowledge  of  the  Moon,  leaving  to 
the  te\t-l><  inks  a  statement  «  d  the  information  that  was  earlier 
acquired."  In  point  of  fact  the  volume  is  chie'.ly  devoted  t- 
the  results  of  FrofesMH'  I 'ifKKki  N<;'s  personal  selenographical 
Indies,  particularly  those  made  in  Jamaica  in  hjoi,  touching 
upon  other  matters  in  the  earlier  chapters  only  >o  far  as  neccs- 
s'ir\    to  a  hetter  understanding  of  those  observations. 

(  hit;  chapter,  however,  headed  "  Fancies;  Apparent  Size; 
Superstitions  hiiiucnce  <>n  the  Weather."  is  added  that  has 
no  particular  hearing  on  the  subject-matter  of  the  rest  of  the 
volume,  and  is  apparently  introduced  to  make  the  work  im  <re 
'*  pi  >pular. " 

It  is  impossible  at  the  present  time  to  review  this  work  crit- 
ically Such  a  task  may  more  properly  be.  undertaken  by  « -nc 
who  has  made  a  specialty  of  selenography.  It  is  my  purpose 
merely  to  give  a  very  brief  account  of  the  author's  views,  which 
in  some  respects  are  unusual  and  not  as  yet  accepted  by  astron- 
omers  generallv   as    fullv   substantiated. 
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The  first  point  to  attract  attention  is  the  claim  made  that 
^ny  station  situated  near  the  equator  possesses  superior  at- 
mospheric conditions  for  astronomical  work.  Reading  the 
preface,  one  would  gather  that  nearness  to  the  equator  was 
the  necessary  and  sufficient  condition  for  a  4'  steady  "  atmos- 
phere, whether  the  station  be  located  on  an  island  or  high  up 
among  lofty  mountains.  From  such  a  location  the  author 
claims  that  a  twelve-inch  telescope  will  show  planetary  details 
invisible  in  the  largest  telescopes  of  this  country  and  Europe. 
"  What  is  now  needed,"  he  adds,  "  is  a  large  telescope  located 
near  the  equator,  but  just  how  near  it  is  necessary  or  desirable 
to  go  has  not  as  yet  been  definitely  determined." 

Passing  on  to  the  text,  we  find  that  the  opening  chapters 
treat  of  "  The  Moon's  Origin ;  Its  Relation,  Distance,  Orbit," 
etc.  Then  follow  chapters  on  its  Atmosphere  and  Tempera- 
ture ;  the  Origin  of  Lunar  Craters,  with  an  account  of  some 
miniature  craters  formed  experimentally;  Active  Lunar  Cra- 
ters ;  Ice  on  the  Moon ;  Vegetation  and  the  Lunar  Canals ; 
and  Recent  Investigations.  These  chapters  deal  principally 
with  Professor  Pjckerixc/s  own  observations,  and  the  theories 
he  has  framed  to  interpret  them.  Then  comes  the  chapter  on 
"Fancies,"  etc.,  already  mentioned,  which  in  turn  is  followed 
by  an  account  of  the  formation  and  arrangement  of  the  photo- 
graphic atlas  of  eighty  plates,  which,  with  a  good  guide-map, 
concludes  the  volume. 

We  find  that  Professor  Pickering  agrees  with  astrono- 
mers generally  in  believing  that  the  density  of  the  Moon's  at- 
mosphere "  does  not  exceed  the  one  ten-thousandth  part  of  our 
own."  But  he  thinks  that  we  have  positive  evidence  that  a 
very  tenuous  atmosphere  does  exist  on  the  Moon  and  that  it 
is  "  a  factor  in  selenography  by  no  means  negligible."  Since 
lie  agrees  with  other  investigators  in  thinking  that  our  ordi- 
nary atmospheric  gases — oxygen,  nitrogen,  and  in  fact  all  gases, 
except  perhaps  the  very  heavy  ones,  like  carbonic  acid — would 
probably  have  escaped  from  the  surface  of  the  Moon  long  ere 
this,  he  finds  the  source  of  the  present  lunar  atmosphere  in 
gases  4*  constantly  renewed  from  the  Moon's  interior."  "  Let 
us  now  see,"  he  proceeds,  "  what  gases  are  at  the  present  time 
being  given  off  from  the  Earth's  interior.  We  find  that  there 
are  only  two  that  escape  in  large  quantities — carbonic  acid  and 
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water-vapor.  The  former  would  remain  for  some  time  on  the 
Moon's  surface  on  account  of  its  weight,  and  the  latter  because 
on  account  of  the  low  pressure  the  rapid  evaporation  would 
cause  it  immediately  to  freeze." 

Here  we  have  at  once  the  origin  of  the  Moon's  atmosphere, 
and  of  the  "  snow,"  or  "  hoar-frost,"  of  which  a  great  deal  is 
said  in  the  later  chapters. 

The  discussion  of  the  origin  of  the  lunar  craters  and  the 
account  of  miniature  craters  observed  in  cooling  slag-iron, 
and  others  artificially  formed  from  cooling  paraffin,  are  very 
interesting,  and  will  leave  little  doubt  in  the  minds  of  most 
readers  that  the  source  of  the  lunar  craters  was  volcanic  ac- 
tivity. 

The  following  chapters  are  devoted  to  the  discussion  of 
gradual  changes  that  various  observers  have  noted  in  such 
craters  as  Linne  and  Plato,  and  many  changes,  observed  by 
Professor  Pickering  himself,  which  differ  from  those  noticed 
earlier,  in  being  periodic,  the  periods  depending  on  the  alter- 
nation of  the  lunar  night  and  day.  The  explanation  of  most 
of  these  periodic  changes  the  author  finds  in  the  exuding  of 
water-vapor  from  crevices  in  the  Moon's  surface,  its  freezing 
during  the  lunar  night  and  its  consequent  deposit  in  the  neigh- 
borhood of  the  crevices  as  "  hoar-frost,"  and  its  more  or  less 
complete  evaporation  during  the  lunar  day.  The  author  pre- 
sents detailed  evidence,  illustrated  by  drawings  and  photo- 
graphs, in  favor  of  the  reality  of  these  periodic  changes  and 
of  the  adequacy  of  his  theory  as  to  their  cause.  As  was  said 
in  the  beginning,  it  is  not  our  purpose  to  discuss  this  evidence 
here;  nor  can  we  examine  critically  the  arguments  advanced 
in  favor  of  the  theory  that  certain  "  variable  spots"  that  Pro- 
fessor Pk:ki;ki xc.  sees  upon  the  Moon  are  due  to  the  coming 
iij),  Nourishing,  and  dying  of  low  forms  of  organic  life  re- 
sembling vegetation.  These,  and  the  "  lunar  canals  "  are  mat- 
ters that  must  be  left  to  the  expert  selenographer.  We  need 
only  say  here  that  the}'  are  not  yet  accepted  by  astronomers 
generally    without    question. 

Whatever  may  be  the  final  judgment  as  to  Professor  Pkk- 
kring's  observations  and  theories,  there  is  no  question  but  that 
the  photographic  atlas  will  be  found  a  useful  and  convenient 
guide  to  the  amateur  observer  of  the  Moon.     It  is  composed  of 
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eighty  plates,  reproduced  without  enlargement  from  as  many 
negatives,  which  were  taken  by  Professor  Pickering  in  Ja- 
maica in  1 90 1.  His  instrument  was  a  twelve-inch  lens  of  135 
feet  4  inches  focal  length.  The  Moon's  equatorial  diameter 
was  divided  into  eight  equal  parts  and  perpendiculars  drawn 
to  it,  cutting  the  lunar  surface  into  sixteen  areas.  Each  area 
was  photographed  five  times,  at  lunar  sunrise,  noon,  and  sun- 
set, and  at  two  intermediate  times,  designated  as  morning  and 
evening. 

Examination  of  the  atlas  indicates  that  the  negatives  were 
generally  good,  but  in  many  cases  they  have  not  been  repro- 
duced in  a  manner  altogether  satisfactory.  Large-scale  photo- 
graphs like  those  issued  by  the  Lick  and  Paris  observatories 
are,  of  course,  to  be  preferred  for  many  purposes,  but  they 
are  not  readily  accessible.  The  present  atlas  is  on  a  scale  suffi- 
ciently large  for  general  use,  and  its  completeness  and  sys- 
tematic arrangement,  together  with  its  full  index  and  its  maps, 
should  make  it  a  useful  and  convenient  guide.  R.  G.  A. 
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Minutes  of  the  Meeting  of  the  Board  of  Directors, 
held  in  the  library  of  the  students'  observatory  of 
the  University  of  California,  at  Berkeley,  January 
30,  1904,  at  7:45  P.M. 

President  Von  Geldern  presided.  A  quorum  was  present.  The 
minutes  of  the  last  meeting  were  approved. 

The  following  new  members  were  duly  elected  : — 

List  of  Members  Elected  January  30,  1904. 

Mr.  Herman  John  Davis 369  Sutter  St. ,  S.  F.,  Cal. 

Mr.  Edward  Donohoe J  Donohoe-Kelly  Banking  Co.,  S.  F. 

Mr.  D.  S.  Glover 2449  Webster  St.,  Berkeley,  Cal. 

A  committee  to  nominate  a  list  of  eleven  Directors  and  Committee 
on  Publication,  to  be  voted  for  at  the  annual  meeting,  to  be  held  on 
March  26th,  was  appointed  as  follows:  Messrs.  J.  D.  Galloway  (Chair- 
man), J.  K.  Moffitt,  Geo.  L  Dillman,  Wm.  Grant,  H.  E.  Miller. 

A  committee  to  audit  the  accounts  of  the  Treasurer,  and  to  report 
at  the  annual  meeting  in  March,  was  appointed  as  follows:  Messrs. 
Chas.  S.  Cushing  (Chairman),  L.  H.  Pierson,  D.  Suter. 

Adjourned. 

Minutes  of. the  Meeting  of  the  Astronomical  Society 
of  the  Pacific,   held  in  the  Lecture  Hall  of  the 

StuDEVIs'  <   'lis.  K\  "A  !'  »KY   AT    !>!  KKEE'A.  JaNUAUY   y..\    D)    4 
A  I     S   (  >Yu  k'K     I'.  M  . 

The  meeting  was  opened  by  an  address  of  welcome  by  Dr.  Bk\ 1 \ m  I  \ 
1 1  >  1  W'iiki-  lik,  FavsM.nl  <a  tin.-  University  ot  California.  President  V<»\ 
( i  111  »i-.k\"  then  intr<  iduced  the  <  >ther  speakers,  \vli<  >  ik  ii\  eied  tile  follow  in- 

addl'eSSeS  :  — 

1  >;>.  niii'<  ii  ni.uk->.  ).y  l'i  !.!>:-,>»  •!  W.  W.  ('\miti,:.i  . 

'I   In.-   Slljrl     111-     <  >l.-!\atnt\  ,     h\     Pi.. !'..>-.  ..r    A.    O.    I.MsfllM    K. 
I   \\r   Cnll-I.llll   k|     R«.  1 1  a.   1 1  m|  I,    1>\     ]  »!  .    R.     1'.    e'K   \\\  I  ■  »K  \>. 

TiK-  \Y.U->n  A^un-aU,  h>   Dr.  U.  L.  \i  ukikk. 
lb..-  |'lnii..-iai»hic  Tr!.-M-u;,c,  l.y  Dr.  A.  I'.  < '. :  1.1.1 11  an. 

After  the  conclusion  «>t   the  reading  of  the   papers  the  audience  was 
invited  t<>  inspect  and  use  the  different  instruments  oi  the  Observatory 
Adjourned. 
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OFFICERS   OF  THE,   SOCIETY. 

Mr,  Orto  vow  Gklpern  .*«...*.., .  .   »   ,  Pwstdent 

Mr,  $.  D,  Townley  .  .  .    .   .   .  Fit  it  l'tce-Ptr>idmt 

Mr.  VV.  V\\  CA*tPREM-    .  .   .    .  Second  Vice-PteitdtHt 

Mr,  Cm  as.  5<  Gushing Third  Vue-Prtudtnt 

Mr.  F.  R.  Zrni*         1   '   "   ■■■■■■■  roetarte* 

Mr.  F.  R.  Ziel .      7*easu*er 

&<sard  **f  Director*— M sasfi.  Aitkkn.  Bitrckhai.ter.  C\MP&eLL,  CtJSHtwo,  Lel'SCHNER 
Moi.hra,  Crocker,  von  Geldkrn,  Pibrson,  Townlev,  Ziei*. 

CvmmiiU*  ott  PttbIi£afMH^\\m%ts  AiTKfcN,  ScnleSINgkr,  Townlev. 

Libra*-?  Committee—  Mr.  Townlev  (/.ifr-dtian},  Mr.  Ricwar1>Son   Mug  m'Hallorak, 

Committee  on  the  Ce*H 'l- AfrdW-— Messrs.  Campbell  (ex-afficio).  FtERSON,  Burck halter. 

OFFICERS  OF  THE  CHICAGO  SECTION. 
Eretut we  Commit t «-Mr.  RUTIIVRN  YV.  PtKE* 

OFFICERS  OF  THE  MEXICAN  SECTION, 
Rvrctttive  Commiittfr-^Wt,  Fur  ji'k  VALLI 


NOTICE. 

The  attention  of  new  members  la  called  to  Article  VtH  of  the  By-Laws,  which  provides 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only,    SvDMquent 
annual  pa;  men;*  are  out  on  January  1st  of  each  succeeding  calendar  year.    This  rule  Is 
necessary  hi  order  Lo  make  our  bo>k  keeping  as  simple  as  possible.    Duts  sent  bj 
should  be  dir«Ct«d  to  Astronomical  Society  of  the  Pacific,  S19  Market  Street,  San  I  r.mdsco. 

It  is  itn  ended  that  each  member  ol  the  Society  shall  receive  a  copy  of  em  h  one  of  the 
Publications  for  the  year  in  which  he  was  dec  ltd  to  membership  and  for  all  suhse<|  lkni 
years.    If  there  have  been  (unfortunately]  any  or  I  his  matter,  it  is  Tcouested  that 

the  Secretaries  he  at  once  notified,  in  order  that  the  missing  numbers  may  be  supplied. 
Members  are  requested  to  preserve  the  copies  of  the?  PmbOcattem*  of  the  Society  utenl  10 
them.  Oru  ecach  year  a  title-page  and  contents  of  the  preceding  numbers  ™il)  also  lie  sent 
to  the  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  the  Stock  in  hand 
is  sufficient,  on  the  payment  of  two  dollars  per  volume  to  either  of  the  Secretaries..  Any 
not  1 -resilient  member  within  the  Lnited  States  can  obtain  books  from  the  Society's  I ibrar y 

ndtng  his  library  c.trd  with  ten  cents  in  stamps  to  i  he  Secretary  A.  S.  Pn  Sjg  Market 
Street  1  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Committee  on  Publication  desires  to  say  that  the  order  in  which  papers  are 
printed  in  the  PmMieatumj  is  do  ided  simply  by  roavcadcoce.  In  a  general  way*  those 
papers  are  printed  first  which  are  earliest  accept*  d  far  publication.  It  is  not  possible  to 
set  id  proof  sheets  of  papers  to  he  printed  to  authors  whose  residence  is  not  within  the 
United  States*  The  responsrbility  lor  the  views  expressed  in  the  papers  printed  rests  with 
the  writers,  and  Is  not  assumed  by  the  Society  itself. 

The  titlis  of  papers  for  reading  should  he  communicated  to  either  of  the  Secretaries  as 
earlv  as  possible,  as  well  as  any changes  in  addresses.  The  Secretary  in  San  Francisco  will 
tend  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
v,  at  cost  price,  as  follows:  a  block  of  letter  paper,  40  cents;  of  note  p4per,  .25  cents; 
a  package  of  envelopes,  15 cents.  These  prfx  M  include  postage,  and  should;  be  remitted 
by  money  order  or  in  U.  S*  1  »ost  age  stamps.    The  send  tugs  are  at  the  risk  of  the  member, 

Those  members  who  propose  to  attend  the  meetings  at  M.  mi  during  the 

summer  should  communicate  with  "  The  Secretary  Astronomical  Society  of  the  Pacific ' ' 
at  the  rooms  of  the  Society.  §19  Market  Street*  S.m  Ff  tlffflfQ,  in  order  that  arrangements 
may  be  made  for  transportation,  lodging,  tfe, 
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TO  SIR  WILLIAM  HUGGINS.* 

By  Otto  von  Geldern. 


Another  year  in  the  history  of  the  Astronomical  Society 
of  the  Pacific  has  passed,  and  it  becomes  my  pleasant  duty,  as 
your  President,  to  review  in  some  manner  the  aims  and  the 
accomplished  work  of  the  organization. 

It  is  the  object  of  the  Society,  and  it  has  always  been  its 
object  from  the  time  of  its  founding,  after  the  total  eclipse 
of  January,  1889,  *°  foster  astronomical  science,  not  only 
among  those  who  are  professionally  engaged  in  such  a  field 
of  labor,  but  to  awaken  an  interest  for  this,  the  Queen  of  all 
Sciences,  in  any  one  whose  sole  purpose  in  life  is  not  the  all- 
absorbing  search  after  material  welfare  to  the  exclusion  of 
everything  else. 

There  can  be  no  more  fascinating  study  than  that  of  the 
starry  heavens ;  there  is  nothing  around  us  that  appeals  so 
strongly  to  all  the  nobler  sentiments  of  the  human  heart,  to 
all  the  finer  qualities  of  the  human  intellect,  than  a  contempla- 
tion of  the  vastness  of  creation,  the  multiplicity  of  the  popu- 
lation of  space,  and  the  overwhelming  thought,  What  is 
there  behind  all  this  that  seems  forever  destined  to  be  shrouded 
in  the  deepest  of  mysteries?  If  there  is  ever  a  time  when  a 
man  realizes  his  own  smallness  and  insignificance  it  is  when  on 
a  bright  starry  night  he  looks  upward  into  the  heavens  and 
beholds  the  evidences  of  an  endless  creation.  If  this  does 
not  start  within  him  an  impression  of  the  deepest  awe,  if  it 
fails   to  touch  his  heart,  and   if  it   leaves  his  mind   without 

*  The  data  for  this  address  are  from  the  Lick  Observatory,  the  library  of  the  Astronom- 
cal  Society,  and  the  Mechanics'  Library. 
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that  indescribable  sense  of  man's  dependence,  he  may  indeed 
be  pitied  as  an  unfortunate,  and  as  one  who  has  not  realized 
the  ideals  which  the  man  of  the  twentieth  century  should 
cherish  and  foster. 

The  Astronomical  Society  attempts  to  reach  such  an  ideal 
by  awakening  within  any  one  an  interest  in  the  affairs  of 
the  heavens  by  a  means  somewhat  Afferent  from  the  theolo- 
gian, but  nevertheless  with  a  purpose  fully  as  definite, — and 
that  is,  to  help  make  better  men  and  better  women  by  an 
appeal  to  their  intellect  and  their  nobler  faculties. 

Our  means  to  spread  astronomical  knowledge  are  not  only 
these  periodical  lectures,  but  also  the  publications  issued  from 
time  to  time;  the  very  excellent  library;  the  summer  visits 
to  the  Lick  Observatory,  and  thereby  the  occasional  touch  with 
the  men  who  devote  their  lives  to  this  absorbing  science. 

Another  means  to  help  our  members  in  attaining  a  knowl- 
edge of  astronomical  principles  and  astronomical  methods  of 
work  has  recently  been  added  to  those  already  mentioned, 
and  I  am  very  glad  to  take  this  opportunity  of  announcing  to 
you  that  Professor  A.  O.  Leuschner,  the  head  of  the  Berkeley 
Astronomical  Department  of  the  University  of  California,  will 
offer  exceptional  opportunities  to  our  members  during  the 
coming  Summer  Session  of  the  University,  for  the  purpose  of 
giving  the  amateur  astronomers  the  advantage  of  acquiring 
skill  in  the  various  modes  of  observation.  Tie  desires  me  to 
state  to  you  the  following,  which  I  quote  from  his  letter  to 
me  : — 

"There  will  lie  tw<>  courses  offered  by  myself  during  tbe  Summer 
Se-<i«>n,  one  <>t  whicb  will  largely  om>i<t  of  practical  observing  with 
tbe  many  tine  instruments  now  available  at  tbe  observatory.  It  i- 
my  intention  to  form  groups  of  such  persons  as  may  wish  to  avail 
themselves  of  the  opportunities  extended,  and  to  enable  each  group 
to  gain  experience  in  one  or  more  fields  of  observation.  For  example. 
>ome  might  be  particularly  interested  in  variable  stars,  others  in 
spectroscopy,  others  in  solar  observations,  others  in  planets,  others  in 
celestial  photography,  and  others  in  various  other  observations  with 
the    transit    instrument,    sextant,    or    equatorial*." 

Here  is  certainlv  a  rare  chance  for  our  enthusiastic  mem- 
bers to  gain  a  practical  knowledge  in  astronomy,  which  would 
be  impossible  without  appliances  and  without  instruments. 
I  think  that  Professor  Lktsciinkk  would  be  interested  to 
hear    from    anv   one   who    mav    desire    to   learn   the    necessarv 
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details  under  which  enrollment  for  this  instruction   is  made 
possible. 

With  this  short  reference  to  the  work  of  the  Society,  I,  as 
your  retiring  President,  congratulate  you  upon  what  has  been 
accomplished,  and  hope  that  the  future  may  be  as  bright  as  I 
would  predict  it.  There  is  a  field  of  usefulness  before  it,  and 
we  as  members  and  interested  individuals  should  never  lose 
sight  of  the  ultimate  aim  and  the  good  mission  which  the 
Society  has  been  created  to  fulfill. 

With  these  heartfelt  wishes  I  retire  from  my  office,  to 
leave  it  in  hands  abler  than  mine.  Before  doing  so,  however, 
there  remains  another  duty  to  be  performed,  and  I  shall  ask 
your  indulgence  for  a  short  time  to  allow  me  to  make  a  few 
remarks  on  the  accomplished  work  of  one  of  the  great  masters 
of  the  science  that  our  Society  fosters. 

The  Bruce  Gold  Medal  of  the  Astronomical  Society  of  the 
Pacific,  founded  by  the  late  Miss  Catherine  W'olfe  Bruce, 
of  Xew  York,  has  been  bestowed  for  the  fifth  time  by  the 
Board  of  Directors  in  conformity  with  the  statutes  governing 
the  bestowal  of  this  medal. 

Those  astronomers  to  whom  it  has  been  awarded  previously 
are:     Simon  Nevvcomb,  of  Washington,  in  1898; 

Arthur  Auwers,  of  Berlin,  Germany,  in  1899; 
David  Gill,  of  Cape  of  Good  Hope  Observatory,  in  1900 ; 
G.  V.  Schiaparelli.  of  Milan,  Italy,  in  1902. 

This  time  the  choice  has  fallen  upon  one  of  the  best  known 
of  English  astrophysicists,  one  who  has  probably  done  more 
in  his  particular  field  of  research  than  any  other  astronomer, 
who  may  be  considered  as  a  pioneer  in  a  field  that  has  opened 
up  so  many  new  directions  of  investigation,  leading  to  results 
constantly  tending  to  broaden  the  knowledge  and  with  it  the 
intellectual  horizon  of  man.  I  refer  to  the  eminent  scientist, 
Sir  William  Huggins. 

It  becomes  my  pleasant  duty  to-night  to  announce  to  you 
the  unanimous  choice  of  this  great  man  for  the  honors  that 
lie  within  our  power  to  bestow. 

It  is  customary  that  in  making  a  report  like  this  to  you 
a  sketch  of  the  life  and  the  work  of  the  medalist  be  added. 
Life-histories  of  eminent  men  written  for  purposes  of  this 
kind  can  at  best  but  contain  mere  references  to  their  labors 
and  prominent  achievements,  and  if  in  taking  a  cursory  glance 
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at  the  results  accomplished  by  Sir  William  Huggixs  in  astro- 
physical  science  I  should  omit  to  mention  even  some  of  the 
most  epoch-making  discoveries,  you  will  remember  that  in  this 
particular  case  there  are  so  many  of  them  that  a  brief  mention 
of  what  his  labors  have  led  to  is  all  that  can  be  attempted 
within  the  frame  of  an  address  like  this. 

William  Huggins  was  born  in  London,  February  7,  1824. 
While  his  early  education  was  received  in  the  City  of  London 
School,  it  is  very  probable  that  his  mind  must  have  been 
awakened  at  a  very  early  age  to  the  realization  of  scientific 
fact,  so  that  with  his  approaching  manhood  he  had  a  practical 
knowledge  of  physical  science.  Study  in  microscopy  upon 
animal  and  vegetable  physiology  had  occupied  his  time  to  a 
considerable  extent,  and  we  hear  of  his  becoming  a  member  of 
the  Microscopic  Society  in  1852. 

But  astronomy  claimed  his  attention  and  became  his  chief 
pursuit,  for  in  1856  a  private  observatory  for  his  studies  was 
completed  at  Upper  Tulse  Hill,  where  he  has  constantly  de- 
voted himself  to  scientific  investigations.  At  first  they  were 
probably  confined  to  the  measurements  of  the  positions  of 
celestial  bodies,  which  was  the  principal  work  of  the  astron- 
omer at  that  time. 

Original  minds  with  original  thoughts  are  not  likely  to 
follow  any  prescribed  course  in  whatever  pursuit  thev  mav 
he  engaged,  and  >o  in  tins  case.  The  master  mind  hum  have 
conceived  at  mice  the  great  possibilities  offered  to  astronomy 
bv  the  discoveries  and  researches  oi"  Kirch  iini  l  and  \\\  .\si;.\. 
and  when  it  was  realized  that  spectrum  analysis  could  be 
applied  to  the  heavenly  bodies,  that  thev  could  be  made  to 
speak  their  own  language,  or  write  their  own  autographs,  as  it 
were,  then  a<t  ropln  sical  science  was  horn,  and  disclosed  an 
endless  expanse  of  almost  virgin  soil,  from  which  the  human 
mind   has  harvested   results  a>  uniijUe  as  thev   are   marvcloii>. 

This  was  the  held  of  Sir  William  IIr<,<;i\s,  in  which  he 
has  labored  with  ever-increasing  success  from  the  vear  iSk,j 
until  the  present  time.  What  he  has  accomplished  in  this 
period  of  over  forty  years  has  been  the  subject  of  numerous 
sketches  and  articles  that  have  appeared  from  time  to  time  in 
the   scientific    journals   <u    the   dav. 

In  an  address  hef.  >re  the  KritUh  Association  our  medalist 
makes  this   statement  :■ — 
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"  In  1866  I  gave  before  this  Association  an  account  of  the  first- 
fruits  of  the  novel  and  unexpected  advances  in  our  knowledge  of  the 
celestial  bodies  which  followed  rapidly  upon  Kirch hoff's  original  work 
on  the  solar  spectrum  and  the  interpretation  of  its  lines. 

"  Since  that  time  a  great  harvest  has  been  gathered  in  the  same 
field  by  many  reapers.  Spectroscopic  astronomy  has  become  a  distinct 
and  acknowledged  branch  of  the  sciende,  possessing  a  large  literature 
of  its  own  and  observatories  specially  devoted  to  it.  The  more  recent 
discovery  of  the  gelatine  dry-plate  has  given  a  further  great  impetus 
to  this  modern  side  of  astronomy,  and  has  opened  a  pathway  into 
the  unknown  of  which  even  an  enthusiast  thirty  years  ago  would 
scarcely   have   dared   to   dream. 

"  In  no  science,  perhaps,  does  the  sober  statement  of  the  results 
which  have  been  achieved  appeal  so  strongly  to  the  imagination  and 
make  so  evident  the  almost  boundless  powers  of  the  mind  of  man. 
By  means  of  its  light  alone  to  analyze  the  chemical  nature  of  a  far- 
distant  body;  to  be  able  to  reason  about  its  present  state  in  relation 
to  the  past  and  future;  to  measure  within  an  English  mile  or  less  per 
second  the  otherwise  invisible  motion  which  it  may  have  towards  us 
or  from  us;  to  do  more,  to  make  even  that  which  is  darkness  to  our 
eyes  light,  and  from  vibrations  which  our  organs  of  sight  are  powerless 
to  perceive  to  evolve  a  revelation  in  which  we  see  mirrored  some  of 
the  stages  through  which  the  stars  may  pass  in  their  slow  evolutional 
progress, — surely  the  record  of  such  achievements,  however  poor  the 
form  of  words  in  which  they  may  be  described,  is  worthy  to  be  regarded 
as  the  scientific  epic  of  the  present  century." 

The  first  researches  were  made  with  Professor  W.  A. 
Millkk,  of  Kings  College,  a  chemist  of  note,  who  had  made 
a  practical  application  of  spectrum  analysis  for  a  period  of 
fifteen  years.  Their  results  were  incorporated  in  the  Report 
on  the  Spectra  of  Stars,  sent  to  the  Royal  Society  in  1863. 

We  know  that  starlight  in  passing  through  spectroscopic 
apparatus  is  severed  into  its  constituent  parts.  The  light  is 
spread  out  into  a  band  showing  the  usual  prismatic  colors. 
This  band  is  crossed  by  lines  and  the  spectroscopic  problem 
is  to  read  their  meaning.  Dark  lines  indicate  to  the  spectro- 
scopist  that  the  light  comes  from  an  incandescent  body,  but 
has  passed  through  cooler  media, — that  is,  in  its  transmission 
some  of  it  has  been  absorbed.  Bright  lines  are  evidences  that 
the  regions  from  which  they  hail  are  hotter  than  those  below 
them,  and  an  inspection  of  the  star's  spectrum  may  furnish 
us  with  valuable  information  regarding  the  physical  condition 
of  its  atmosphere.  Furthermore,  the  exact  position  of  the 
spectral    lines,   and    the   method    of   measuring   them,    give   a 
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clew  to  the  existing  chemical  composition  of  the  origin  of  the 
light. 

The  spectra  of  many  stars  had  been  compared  with  those 
of  several  terrestrial  elements,  and  it  was  found  that  they  are 
hot  bodies,  similarly  constituted  to  our  Sun,  and  containing 
many  of  the  substances  found  on  the  Earth.  The  spectra  of 
the  planets  Venus,  Mars,  Jupiter,  and  Saturn  had  also  been 
observed,  and  the  results  of  these  observations  were  made 
public  in  1864.  I*  is  stated  that  the  light  from  the  planet 
Uranus  was  found  too  faint  to  be  satisfactory  for  spectroscopic 
analysis;  but  an  improved  telescope  in  1871  resulted  in  certain 
determinations  showing  its  spectrum  to  be  continuous,  so  far 
as  the  feebleness  of  its  light  permitted  it  to  be  traced. 

While  Fraunhofer,  Lamont,  and  Donati  had  examined 
star  spectra  before,  it  must  be  remembered  that  the  work  of 
Huggins  lay  in  an  entirely  different  direction.  As  stated  in 
an  article  published  in  Nature,  by  H.  Kayser,  in  1891,  it  was 
not  simply  the  idea  to  see  lines  in  the  spectra  of  stars,  but 
their  chemical  origin  had  to  be  determined ;  and  therefore  the 
light-gathering  objective  prism  could  no  longer  be  used,  but 
after  the  method  of  Kirch hoff  and  Bunsen  a  slit  and  com- 
parison-prisms were  employed.  Finding  this  to  weaken  the 
spectrum  to  a  great  extent,  and  in  order  to  broaden  the  point- 
like image  of  the  star,  his  resourceful  mind,  ever  ready  to 
surmount  difficulties,  introduced  the  cylindrical  lens,  made  for 
him  by  I.rowxinc. 

In  undertaking  comparisons  of  spectra  it  soon  developed 
that  the  data  for  such  purposes  were  very  insufficient,  and 
Hrcioixs  undertook  the  labor  of  recording  the  position -lines 
of  a  great  many  elements.  This  work  was  of  immediate  value 
and  proved  a  great  success.  Referring  to  that  time,  he  states, 
in  *'  The  Xew  Astronomy  "  : — 'i: 

"  The  observatory  became  a  meeting-place  where  terrestrial  chem- 
istry was  brought  into  direct  touch  with  celestial  chemistry.  The 
characteristic  light-rays  from  earthly  hydrogen  shone  side  hy  side 
with  the  corresponding  radiations  from  starry  hydrogen,  or  eUe  fell 
upon  the  dark  lines  due  to  the  absorption  <^i  the  hydrogen  in  Sirius 
or  in  I'c^u.  Iron  from  our  mines  was  line  matched,  light  for  dark, 
with  stellar  iron  from  opposite  parts  of  the  celestial  sphere.  Sodium, 
which  upon  the  Karth  is  always  present  with  us,  was  found  to  be 
widely   diffused  through   the  celestial   spaces." 
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He  refers  to  the  time  as  one  of  great  expectation,  for 
nearly  every  observation  revealed  a  new  fact,  and  a  new 
discovery  was  made  nearly  every  night.  "  And  yet,  notwith- 
standing," he  continues,  "  we  had  to  record  that  the  inquiry 
in  which  we  had  been  engaged  has  been  more  than  usually 
toilsome;  indeed,  it  has  demanded  a  sacrifice  of  time  very 
great  when  compared  with  the  amount  of  information  which 
we  have  been  able  to  obtain." 

As  the  field  broadened  the  problems  multiplied;  they 
crowded  themselves  upon  this  original  investigator,  and  while 
the  first  problem  may  have  been  solely  this:  What  are  those 
shining  points  of  light  upon  the  celestial  dome? — there  soon 
suggested  itself  a  second  one  to  his  fertile  brain,  which,  like 
a  question  whispered  to  him  from  the  depths  of  space,  asked: 
Whence  came  they? 

In  the  year  1864  he  began  his  original  researches  in  a 
hitherto  unexplored  region, — that  of  the  nebulae.  To  this  day 
there  remains  associated  in  his  memory  the  profound  awe 
which  he  felt  on  looking  for  the  first  time  at  that  which  the 
eye  of  man  had  never  seen,  and  which  even  the  scientific 
imagination  could  not  foreshow. 

The  nature  of  these  mysterious  bodies  was  yet  unknown; 
the  view  that  they  were  parts  of  a  fiery  mist  out  of  which 
the  heavens  had  been  slowly  fashioned  began  to  yield,  based 
upon  more  recent  telescopic  investigations,  to  the  opinion  that 
all  nebulae  may  be  capable  of  resolution  into  stars.  In  the 
"  New  Astronomy,"  already  referred  to,  Huggins  states: — 

"  According  to  this  view,  nebulae  would  have  to  be  regarded  not 
as  early  stages  of  an  evolutional  progress,  but  rather  as  stellar  galaxies 
already  formed,  external  to  our  system, — cosmical  sand-heaps,  too  re- 
mote to  be  separated  into  their  component  stars." 

It  remained  a  question  for  a  long  time  whether  or  not 
the  nebulae  could  be  resolved  into  stars  if  a  sufficiently  power- 
ful telescope  could  be  brought  to  bear  upon  them. 

The  result  of  Huggins's  investigations  revealed  a  new 
scientific  fact,  and  his  spectroscopic  analysis  of  the  nebular 
light  led  to  one  of  the  greatest  triumphs  in  astrophysics, — 
that  is,  that  this  phenomenon  is  not  the  result  of  crowding 
together  separate  and  innumerable  stars,  but  that  it  is  accounted 
for  by  the  presence  of  a  mass  of  incandescent  gas. 
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It  was  on  the  evening  of  the  29th  of  August,  1864,  that 
Huggins  directed  his  telescope  for  the  first  time  to  a  planetary 
nebula  in  Draco.  In  speaking  of  this  memorable  event,  he 
says :  "  Picture  to  yourself  to  some  extent  the  feeling  of 
excited  suspense,  mingled  with  a  degree  of  awe,  with  which 
after  a  few  moments  of  hesitation  I  put  my  eye  to  the  spec- 
troscope." It  seemed  to  him  as  though  he  were  about  to 
gaze  into  Nature's  secret  place  of  creation. 

He  looked  into  the  spectroscope  and  saw — not  the  expected 
spectrum,  no !  Only  a  single  bright  line !  At  first  he  suspected 
some  displacement  of  the  prism,  and  that  he  was  looking  at 
the  reflection  of  the  illuminated  slit  from  one  of  its  faces. 
But  according  to  his  own  description,  and  in  his  own  words, 
the  true  interpretation  flashed  upon  him  after  a  moment's 
thought.  The  light  of  the  nebula  was  monochromatic,  and 
so,  unlike  any  other  light  as  yet  subjected  to  prismatic  ex- 
amination, could  not  be  extended  out  to  form  a  complete 
spectrum.  After  passing  through  the  two  prisms  it  remained 
concentrated  into  a  single  bright  line,  having  a  width  corre- 
sponding to  the  width  of  the  slit,  and  occupying  in  the 
instrument  a  position  at  that  part  of  the  spectrum  to  which 
its  light  belongs  in  refrangibility.  A  little  closer  looking 
showed  two  other  bright  lines  on  the  side  towards  the  blue. 
all  the  three  lines  being  separated  bv  intervals  relatively  dark. 

lie  proclaimed  : — 

"  The  riddle  of  the  nebul;e  was  solved.  The  answer  which  had 
come  in  u<  in  the  light  ii>clt  read:  Not  an  aggregation  of  Mars,  hut 
a  hnninou-  gas.  Stars  after  the  order  of  mir  Sun.  and  of  the  brighter 
Mars.  w<  uhl  give  a  different  spectrum:  the  light  of  this  nebula  had 
clearly   been    emitted   by   a   luminous   gas." 

Continued  observations  led  to  the  conviction  of  the  very 
great  probability  of  an  evolution  in  mighty  space  of  starry 
creations  going  on  from  an  unfathomable  past  into  an  equally 
unfathomable  future.  This  master  mind  had  grasped  the  birth 
of  the  stars:  his  keenness  of  intellect,  quick  to  discern.  a- 
rapidlv  to  combine,  bad  deduced  from  the  very  signal-  of 
the  stellar  universe  the  genesis  of  it-  atomic  life.  It  is  when 
we  ponder  over  such  mighty  results  that  we  are  overwhelmed 
with  the  capabilities  of  the  human  intellect,  liter, ins  gives 
it-  his  conclusions  in  the  following  words: — 
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'*  A  time  surely  existed  when  the  matter  now  condensed  into  the 
Sun  and  planets  filled  the  whole  space  occupied  by  the  solar  system, 
in  the  condition  of  gas,  which  then  appeared  as  a  glowing  nebula, 
after  the  order,  it  may  be,  of  some  existing  in  the  heavens.  There 
remained  no  room  for  doubt  that  the  nebulae,  which  our  telescopes 
reveal  to  us,  are  the  early  stages  of  long  processions  of  cosmical 
events,  which  correspond  broadly  to  those  required  by  the  nebular 
hypothesis  in  one  or  other  of  its  forms." 

Another  important  event  in  astrophysics  was  marked  by 
his  observations  on  a  new  star  in  Corona  Borealis,  to  which 
his  attention  had  been  called  by  John  Birmingham  on  May 
18,  1866.  Huggins  viewed  the  spectrum  of  this  star  on  this 
evening,  after  it  had  already  fallen  in  brightness  below  the 
third  magnitude,  and  obtained  a  result  up  to  that  time  un- 
precedented. The  spectrum  was  that  of  the  solar  order,  with 
its  numberless  dark  lines,  upon  which  appeared  a  few  very 
bright  lines.  There  was  little  doubt  in  his  mind  that  at  least 
two  of  these  lines  belonged  to  hydrogen.  It  led  him  to  believe 
that  an  unusual  brilliancy  of  these  lines  was  due  to  a  gas  of 
higher  temperature  than  that  of  the  star's  photosphere,  and 
that  suggested  to  him  a  cosmic  catastrophe,  a  sudden  and 
vast  convulsion  which  had  taken  place  in  a  star  that  from 
emitting  but  faint  light  had  blazed  up  to  one  of  second 
magnitude,  falling  again  in  brightness  within  the  short  period 
of  twelve  days  to  one  of  the  eighth. 

Volcanic  forces  or  the  disturbing  approach  or  partial  col- 
lision of  another  dark  star  may  have  been  the  cause  of  the 
sudden  outburst.  Huggins  says:  "The  essential  character 
of  the  explanation  lay  in  the  suggestion  of  a  possible  chemical 
combination  of  some  of  the  escaping  highly  heated  gases  from 
within,  when  cooled  by  the  sudden  expansion  which  might 
give  rise  to  an  outburst  of  flame  at  once  very  brilliant  and  of 
very  short  duration. " 

In  these  three  cases,  taken  from  the  early  labors  of  our 
medalist,  we  have  covered  three  periods  of  cosmic  life.  If 
the  gaseous  nebula  may  represent  the  cradle  or  birth  of  a  sun, 
a  world,  or  a  system,  the  work  upon  the  spectra  of  the  stars 
led  to  a  new  knowledge  of  their  chemical  nature  and  relative 
physical  conditions,  and  may  appeal  to  us  as  exhibiting  the 
various  activities  of  existing  individual  cosmic  life;  while  the 
last  phenomenon  referred  to  in  the  sudden  brightness  of  an 
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unknown  member  of  the  universe  may  represent  to  us  its 
sudden  destruction  or  tragic  death. 

But  within  these  three  stages  of  cosmic  struggle  there  lay 
an  enormous  field  of  operation  for  this  fertile  mind,  which 
was  ever  on  the  alert  for  new  signals  from  the  heavenly  hosts. 

The  spectra  of  comets  engaged  his  attention,  and  he  found 
frequent  opportunities  to  observe  them.  The  faint  comets 
did  not  lead  to  any  very  definite  conclusions,  but  observations 
made  on  a  bright  wanderer  in  June,  1868,  resulted  in  showing 
that  the  three  bright  bands,  or  flutings,  of  the  spectrum  agreed 
in  position  with  three  similar  flutings  in  the  brightest  part  of 
the  spectrum  of  carbon.  Very  ingenious  modes  of  comparison 
confirmed  his  expectation,  and  referring  to  the  method  and 
its  results  he  states :  "  The  comet,  though  subtle  as  Sphinx, 
had  at  last  yielded  up  its  secret.  The  principal  part  of  its 
light  was  emitted  by  luminous  vapor  of  carbon." 

In  1 88 1  an  opportunity  was  offered  for  the  first  time  to 
observe  a  bright  comet  by  the  spectroscope,  fortified  with 
suitable  photographic  plates,  and  this  made  it  possible  to 
extend  the  examination  of  its  light  into  the  invisible  region 
of  the  spectrum  at  the  blue  end.  The  photograph  brought 
to  light  a  new  fact ;  it  led  to  the  knowledge  that  nitrogen,  as 
well  as  carbon  and  hydrogen,  exists  in  comets. 

Numerous  systematic  observations  and  original  roearches 
were  made  in  his  chosen  special  held  of  labor,  all  fruitful 
issues  and  events  in  the  rapidly  developing  science  of  astro- 
phvsics.  Fixed  stars,  nebula*,  comets,  and  possible  new  stars 
were  compelled  to  yield  their  secrets  to  him.  He  devoted  some 
attention  to  spectroscopic  observation  of  the  Sun,  and  also 
to  the  effects  of  sun-spots  in  their  modification  of  the  spectrum, 
and  devised  a  method  for  determining  the  chemical  constitu- 
tion and  the  shape  of  the  solar  protuberances. 

He  sought  for  an  explanation  of  the  mysterious  volar 
corona,  to  which  he  referred  in  his  l.akerian  Lecture  for  1885, 
and  in  his  Presidential  Address  before  the  British  Association 
in  1891,  and  again  in  a  short  discussion  of  an  explanation 
suggested  by  Soiu-.i  nick  in  10,00,  in  which  he  says  that  the 
matter  of  the  corona  is  still  open  to  questions  of  interest,  and 
must  be  left  for  new  information  that  may  reasonably  be 
expected   from  the  observation  of   future  eclipses. 
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The  photography  of  star  spectra  occupied  his  time  from 
an  early  period,  for  he  attempted  to  obtain  such  spectra  as 
long  ago  as  1864;  but  it  was  only  after  the  dry-plate  process 
became  a  reality  that  he  successfully  applied  this  art  to  the 
production  of  spectral  images  of  celestial  bodies,  which  led 
to  many  important  and  interesting  discoveries.  A  book  has 
been  published  by  Sir  William  and  Lady  Huggins  (Lady 
Huggins  was  a  former  Miss  Margaret  Murray,  of  Dublin, 
whom  he  married  in  1875,  anc*  who  became  his  acknowledged 
principal  assistant  and  collaborator  in  his  researches),  in  which 
the  progress  of  photography  of  stellar  spectra  is  given  to  the 
scientific  world  under  the  name  of  "  Atlas  of  Representative 
Stellar  Spectra,"  a  magnificent  volume,  issued  in  1899,  w^tn 
numerous  illustrations  and  artistic  chapter  initials,  by  the 
talented  Lady  Huggins,  which  may  give  one  an  idea  of  the 
enormous  and  painstaking  labor  bestowed  upon  this  most 
interesting  and  far-reaching  feature  of  stellar  spectroscopy; 
it  has,  indeed,  been  compared  to  a  dictionary,  for  with  a  little 
stretch  of  the  imagination  one  may  call  it  "  A  Handbook  of 
the  Language  of  the  Stars." 

There  remains  a  special  subject  in  stellar  spectroscopy 
not  yet  mentioned,  but  one  that  is  so  well  known  that  I  need 
hardly  refer  to  it  here,  and  that  is  the  measurement  of  the 
motions  of  the  stars  in  the  line  of  sight.  It  is  this  work 
which  has  been  taken  up  at  the  Lick  Observatory,  and  in 
which  Director  Campbell  has  gained  such  well-deserved 
recognition,  and  through  whom  this  observatory  (in  the  words 
of  Professor  New  comb)  has  gained  at  once  a  position  of 
pre-eminence,  which  it  maintains  to  the  present  time. 

Dr.  Huggins,  as  early  as  1868,  presented  to  the  Royal 
Society  some  observations  on  a  small  change  of  refrangibility 
in  a  line  in  the  spectrum  of  Sirius  as  compared  with  a  line 
of  hydrogen.  It  was  known  that  changes  in  the  position  of 
the  lines  of  the  spectrum  might  be  used  as  an  indicator  and 
scale  of  the  radial  velocity  of  the  object  from  which  the  light 
emanated,  on  the  principle,  suggested  by  Doppler  sixty  years 
ago,  on  which  a  sound  becomes  sharper  or  flatter  accordingly 
as  the  ear  and  the  sound-producing  object  approach  or  recede. 
This  principle  applied  to  the  spectrum  indicates  an  approach 
of  the  star  if  the  lines  are  displaced  toward  the  violet  end, 
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and  a  recession  if  this  shift  be  toward  the  red  end.  providing 
that  the  displacement  be  not  caused  by  pressure.  The  Earth's 
motion  being  known,  the  final  result  is  the  velocity  of  the 
star  in  the  line  of  sight.  Referring  to  his  attempts  to  over- 
come numerous  difficulties  that  presented  themselves  in  this 
work,  he  says: — 

"  At  last,  in  1868,  I  felt  able  to  announce  in  a  paper,  printed  in  the 
Transactions  of  the  Royal  Society  for  that  year,  the  foundation  of  this 
method  of  research,  which,  transcending  the  wildest  dreams  of  an 
earlier  time,  enables  the  astronomer  to  measure  off  directly  in  terres- 
trial units  the  invisible  motions  in  the  line  of  sight  of  the  heavenly 
bodies." 

This  method  opened  up  a  prolific  field  for  spectroscopists, 
of  whom  a  number  have  become  very  prominent.  Improved 
methods  of  photography  made  it  possible  for  Professor  Vogel 
to  determine  the  motions  in  the  line  of  sight  of  over  fifty 
stars,  with  an  accuracy  of  about  an  English  mile  a  second. 
Other  votaries,  among  them  our  lamented  Keeler,  have  applied 
the  method  to  a  determination  of  the  rotation  of  the  Sun,  of 
Saturn  and  his  rings,  and  of  Jupiter. 

In  the  "  New  Astronomy  "  Huggins  proposes  a  method 
of  separating  double  stars  too  close  to  be  individually  visible. 
Pickering  and  Vogel  have  independently  discovered  by  this 
mean-  an  entirely  new  class  <<\  *  1«  »n  1  >K-  -tars.  In  the  publication 
above  referred  t *  *  be  Mate-  that  "  it  would  be  scarcely  po>>ihle. 
without  the  appearance  of  <,Teat  exaggeration,  to  attempt  K> 
-ketch  out.  even  in  broad  outline,  the  man}'  glorious  achieve- 
ment- which  doubt  les>  lie  before  this  method  e.f  research  in 
the   immediate    future." 

I  think  this  statement  could  be  applied  with  equal  force- 
to  all  the  different  lines  ,,f  research  followed  by  him.  every 
one  of  which  has  evened  an  avenue  of  approach  to  one  of  the 
richest  mine-  of  scientific  labor.  Idle  life  work  of  this  eminent 
oeu  ^cnarian  lies  open  before  ii\  and  it  is  die  well  done 
and  o  n-cicntiou^h  performed.  It  >eems  opportune  that  I 
should  quote  from  a  recent  book  by  Professor  Simon 
Xi.v.h'.mi:.  nil'.:  of  the  1110*4  interesting  that  it  has  been  mv 
!iri\  ;!'■•:<■  to  read.  I  know  of  nothing  that  has  charmed  me 
m.or,-  *han  the  perusal  of  the  '"  Keinini -Ceiices  of  an  Astn>n- 
'  mer."  And  e\<n  fearing  that  in  quoting  from  this  bo,  .k 
I   mav  I'-.  ]iea!    111  a  naa-nre   what   has  akvadv   been   dwelt  upon. 
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I  shall  relate  to  you  what  our  first  medalist  has  to  say  about 
the  last:— 

"  For  the  visiting  astronomer  scarcely  a  place  in  London  has  more 
attractions  than  the  modest  little  observatory  and  dwelling-house  on 
Upper  Tulse  Hill,  in  which  Sir  William  Huggins  has  done  so  much 
to  develop  the  spectroscopy  of  the  fixed  stars.  The  owner  of  this 
charming  place  was  a  pioneer  in  the  application  of  the  spectroscope 
to  the  analysis  of  the  light  of  the  heavenly  bodies,  and  after  nearly 
forty  years  of  work  in  this  field  is  still  pursuing  his  researches.  The 
charm  of  sentiment  is  added  to  the  cold  atmosphere  of  science  by  the 
collaboration  of  Lady  Huggins.  Almost  at  the  beginning  of  his  work, 
Huggins,  analyzing  the  light  of  the  great  nebula  of  Orion,  showed 
that  it  must  proceed  from  a  mass  of  gas,  and  not  from  solid  matter, 
thus  making  the  greatest  step  possible  in  our  knowledge  of  these 
objects.  He  was  also  the  first  to  make  actual  measures  of  the  motions 
of  bright  stars  to  or  from  our  system  by  observing  the  wave-length 
of  the  rays  of  light  which  they  absorbed.  Quite  recently  an  illustrated 
account  of  his  observatory  and  its  work  has  appeared  in  a  splendid 
folio  volume,  in  which  the  rigor  of  science  is  tempered  with  a  gentle 
infusion  of  art  which  tempts  even  the  non-scientific  reader  to  linger 
over   its   pages." 

Sir  William  Huggins  is  now  eighty  years  old,  and,  as 
\vc  have  seen,  has  been  an  active  scientist  for  nearly  half 
a  century.  Many  are  the  honors  that  have  been  heaped  upon 
him.  He  became  President  of  the  Royal  Astronomical  Society 
in  1876;  President  of  the  British  Association  in  1891  ;  President 
of  the  Royal  Society  in  1900.  He  has  received  a  Royal  medal, 
the  Rumford  medal,  and  the  Copley  medal  from  the  Royal 
Society,  and  two  medals  from  the  Royal  Astronomical  Society. 

Is  it  not  remarkable  from  what  small  beginnings  this  great 
scientific  growth  took  its  origin? — a  piece  of  glass  made  into 
the  shape  of  a  wedge  or  prism,  refracting  the  Sun's  light, 
whose  rainbow  colors  might  be  thrown  upon  a  screen ;  a 
beautiful  trifling  toy  that  might  delight  a  child. — and  that 
is  the  spectroscope  in  its  primitive  form, — a  simple  glass,  yet 
with  an  inherent  power  to  wrest  from  the  mighty  universe  its 
most  mysterious  secrets. 

These  are  the  seven  colors  recited  by  Sir  William  himself 
in  poetic  form  : — 

"  First  the  flaming  red 
Sprung  vivid  forth ;  the  tawny  orange  next ; 
And  next  delicious  yellow  ;  by  whose  side 
Fell  the  kind  beams  of  all-refreshing  green. 
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Then  the  pure  blue,  that  swells  autumnal  skies, 
Ethereal  played;  and  then,  of  sadder  hue, 
Emerged  the   deepened   indigo,  as   when 
The  heavy-skirted  evening  droops  with  frost ; 
While  the  last  gleamings  of  refracted  light 
Died  in  the  fainting  violet  away." 

That  these  beautiful  colors,  which  God  himself  placed 
within  the  heavens  as  a  symbol  of  his  good  will  to  man,  con- 
tained more  than  a  poetic  meaning,  that  within  them  lay  a 
language  from  the  heavens  that  needed  but  an  inspired  inter- 
preter to  reveal,  has  been  amply  demonstrated  by  the  life's 
labor  of  our  medalist,  Sir  William  Huggins. 

And  in  his  absence,  Mr.  Secretary,  I  shall  charge  you  with 
the  mission  of  sending  the  medal  to  Sir  William,  with  our 
best  wishes  that  he  may  live  to  see  more  years  in  which  to 
enjoy  the  fruits  of  his  accomplished  work  so  modestly  and 
unselfishly  given  to  the  world. 

If  our  imagination  can  create  the  spectrum  of  a  man's  life, 
may  his  be  to  the  end  one  crossed  by  bright  lines  only. 

March  26,  1904. 


FlIoTOCkAFllS   OF    r.ORKKLLY'S   COMET    (  1903   c). 
By  Skbastian  Albrkcht. 


1 1  is  aimed  in  this  paper  to  give  a  brief  account  of  thirty- 
six  negatives  of  Comet  K.iojc  (  I.okkki.ly  ) ,  obtained  at  Mount 
Hamilton  between  June  JJd  and   August    1 8th.   inclusive/' 

Two  distinct  types  of  tails  persist  throughout  the  entire 
series  oi  pedographs.  The  principal  tail  is  long  and  straight 
in  its  general  direction,  and  in  a  large  number  of  cases  can  he 
traced  to  the  cd^c  of  the  plate,  a  distance  of  ten  degrees.  It 
developed  some  very  interesting  forms,  changing  its  aspect 
completely  from  day  to  day.  Several  more  or  less  permanent 
features  of  the  main  tail  deserve  special  mention.  Its  length 
was  alwavs  considerable,  and  it  was  directed  almost  cxactlv 
awav  from  the  Sun.     The  mean  deviation  of  the  tail  from  the 


*  A  inoiv  i "mplete  ;u vouiil,  with  tables  of  measures  ami  descriptions  of  the  negative 
is  published  111  L.  ( >.  PuL'riin  Xo.   5?.  and   in  the  Antra- Physical  Journal,  March,  :y  4 
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radius  vector  from  the  comet  to  the  Sun  was  somewhat  less 
than  two  degrees.  The  main  tail,  in  general,  widens  out  after 
leaving  the  head,  and  on  a  large  number  of  plates  divides  into 
two  distinct  branches.  From  measures  of  the  directions  of  the 
two  branches  of  the  main  tail  on  eight  plates,  the  mean  angular 
distance  between  them  was  found  to  be  about  seven  degrees. 
There  is  a  marked  contrast  in  the  appearance  of  the  primary 
tail  on  the  negatives  taken  in  July  and  on  those  taken  in  August. 
The  tail  on  the  plates  of  July  is,  with  three  exceptions,  which 
will  be  mentioned  later,  smooth  and  continuous,  while  on  the 
August  plates  it  is  twisted  and  full  of  condensations,  indicat- 
ing greatly  increased  activity  as  the  comet  approached  peri- 
helion. 

The  other  tail  is  short  and  very  much  curved,  and  presents 
practically  the  same  appearance  on  all  the  negatives.  It  is 
bright  even  on  the  plates  of  June.  Its  length  is  about  one  and 
one  half  degrees.  In  the  process  of  intensification  necessary  to 
reproduce  the  principal  features  of  the  primary  tail,  the  coma 
has  become  so  strongly  intensified  as  to  almost  completely  ob- 
scure the  secondary  tail.  This  is  especially  true  for  the  plate 
of  July  23d,  where  barely  a  trace  of  the  short  tail  can  be  seen 
on  the  side  opposite  the  new  tail  which  appears  on  that  plate. 
On  the  plate  of  June  22d  the  short  tail  made  an -angle  of 
twenty-six  degrees  with  the  primary  tail.  This  angle  gradually 
diminished,  owing  to  the  foreshortening  produced  by  the 
Earth's  approach  to  the  plane  of  the  comet's  orbit,  until  about 
the  middle  of  July,  when  the  two  tails  appeared  to  coincide. 
After  the  passage  of  the  Earth  through  the  plane  of  the  orbit, 
the  angle  again  increased  until  August  18th,  when  it  amounted 
to  thirty-three  degrees. 

In  addition  to  these  two  tails,  occasional  streamers  devel- 
oped, some  of  which  branched  off  from  the  main  tail,  while 
others  issued  directly  from  the  head. 

Three  of  the  negatives,  those  of  July  23d,  24th,  and  26th, 
deserve  special  mention,  on  account  of  unusual  structure  in  the 
principal  tail.  The  plate  of  July  23d  shows  two  long  masses 
entirely  separated  from  the  main  tail  at  about  three  and  one 
half  degrees  from  the  nucleus,  and  on  the  side  following  the 
radius  vector.  One  of  these  extends  to  the  edge  of  the  plate, 
a  distance  of  about  ten  degrees  from  the  head.    The  main  tail 
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extends  to  a  distance  of  about  five  degrees  from  the  head,  and 
a  long,  narrow  streamer  leaves  it  about  two  degrees  from  the 
head.  These  four  branches,  together  with  two  prominent 
bands  in  the  main  tail  near  the  head,  all  making  small  angles 
with  the  general  direction  of  the  tail,  present  a  wavelike  ap- 
pearance. The  entire  main  tail  somewhat  resembles  a  rope, 
one  end  of  which  is  unraveled  and  which  has  two  of  the  loose 
strands  severed. 

The  plate  of  July  23d  shows,  in  addition,  an  entirely  new 
tail  issuing  from  the  head  in  advance  of  the  radius  vector, 
preceding  it  by  six  degrees,  but  being  bent  toward  the  radius 
vector  shortly  after  leaving  the  coma.  This  tail  assumes  the 
forked  characteristic  which  the  main  tail  shows  on  a  majority 
of  the  plates.  Its  angular  width  is  4.6  degrees,  and  on  the 
original  negative  it  can  easily  be  traced  to  a  distance  of  four 
degrees  from  the  head.  The  plate  of  July  24th  does  not  record 
this  extra  tail.  The  plate  of  the  24th  shows  a  detached  sec- 
tion, preceding  the  radius  vector,  which  is  composed  of  two 
distinct  portions,  the  shorter  being  nearer  the  head  and  pointing 
directly  toward  it.  This  can  best  be  seen  in  the  accompanying 
illustration  by  holding  it  obliquely,  so  that  the  eye  is  raised 
only  slightly  above  the  plane  of  the  paper.  This  plate  also 
records  a  detached  streamer  on  the  following  side  of  the  main 
tail,  and  directly  opposite  the  detached  section  referred  to 
above.  'Idle  inierval  fn  >m  the  23d  to  the  24th  of  July  was  evi- 
dently <>ne  of  unusual  activity.  Idle  plate  of  Julv  25th  shows 
no  unusual  forms.  The  plate  <>f  July  J^th  shows  the  main  tail 
broken  at  a  distance  of  about  three  and  one  half  degrees  from 
the  head. 

h'mni  a  Com]  arisou  of  the  plate  e»f  July  24th  with  reproduc- 
tions of  two  plates  taken  by  IVakxakd  and  \Yali.a<  1:  at  the 
Yerkes  (  )hservatory  and  one  by  ( Ji'knisskt  at  Xantenv.  it  was 
found  that,  in  the  interval  «>f  seven  hours  (luring  which  these 
phoh  graphs  were  taken,  the  detached  section  of  the  primarx 
tail  was  receding  from  the  nucleus  at  an  average  rate  of  thirtv- 
tive  mile-  per  second,  which  is  equivalent  to  thirteen  miles  rela- 
t  ive   I<  '  the   Sun. 


/ / 
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DEDICATION  OF  THE  STUDENTS'  OBSERVATORY, 
AT  BERKELEY. 


INTRODUCTORY     REMARKS. 


By  Director  VV.  VV.  Campbell. 


(Before  the  Society  at  the  meeting  in  Berkeley,  January  30,  1904.) 

There  is  probably  no  situation  in  which  men  and  their  work 
are  more  accurately  judged  than  in  a  great  modern  university. 
The  real  and  the  superficial  are  almost  unerringly  sorted  out 
by  the  open-minded  and  cruick-witted  students,  by  colleagues 
on  the  faculties,  and  by  the  conscientious  and  responsible 
heads  of  the  institutions.  The  departments  which  seem  to 
prosper  year  after  year  are  really  prosperous  and  are  deserv- 
edly so. 

One  of  the  conspicuous  features  of  university  governments 
is  an  application  of  a  very  old  truth — to  the  department  that 
hath  shall  be  given. 

The  addition  to  the  Students'  Observatory  which  we  have 
met  to  dedicate  this  evening  is  an  illustration  of  this  fact. 
It  is  not  to  be  thought  of  as  an  addition  to  California's  list 
of  properties;  it  is  not  simply  a  building  containing  a  col- 
lection of  astronomical  instruments, — that  would  be  a  museum. 
Friends  have  presented  the  instruments,  and  the  University 
has  accepted,  mounted,  and  covered  them,  with  the  expectation, 
based  upon  the  record  of  the  Department,  that  they  will  be  used. 
They  are  an  opportunity,  and  at  the  same  time  a  responsibility. 
It  is  intended,  I  think,  that  they  shall  be  employed  for  two 
main  purposes:  for  giving  instruction  in  the  fundamental 
principles  of  the  science,  and  for  making  original  investiga- 
tions, principally  by  the  officers  of  the  Department. 

The  elements  of  astronomy  are  taught  more  or  less  effi- 
ciently in  a  great  number  of  American  schools  and  colleges. 
Some  of  the  teaching  is  real  astronomy,  and  other  portions 
are  called  astronomy  by  courtesy.  The  varieties  differ  as 
widely  as  the  work  of  a  local  business  college  differs  from  that 
of  a  great  metropolitan  banking  institution.  Our  colleges  and 
universities  which  are  successfully  teaching  the  theory  and 
practice  of  astronomy  can  almost  be  counted  upon  the  fingers 
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of  the  two  hands.  Nearly  all  of  them  make  specialties  of  cer- 
tain lines  of  astronomical  work,  depending  upon  the  experience 
of  the  men  in  charge;  and  in  these  lines  the  instruction  is  of 
a  very  high  grade.  But  there  is,  I  think,  no  other  American 
university  in  which  real  astronomy  is  taught  so  extensively 
as  in  the  Berkeley  Astronomical  Department  of  the  University 
of  California.  Taking  into  account  also  the  astrophysical 
work  and  opportunities  of  the  Department  of  Physics,  and  the 
encouragement  and  facilities  extended,  by  fellowships  and 
otherwise,  to  especially  promising  students  at  the  Lick  Ob- 
servatory in  all  lines  of  research  prosecuted  there,  the  astro- 
nomical advantages  of  the  University  certainly  seem  to  be 
unsurpassed.  It  is  a  pleasure  to  note  that  all  the  men  who 
have  taken  advantage  of  them  in  the  past  few  years  have 
secured  appointments  to  positions  which  afford  them  at  least 
the  opportunity  to  make  suitable  returns. 

There  is  a  strong  and  increasing  demand  for  well-trained 
men  and  women  to  fill  university  and  observatory  positions, 
and  I  trust  that  the  Berkeley  Astronomical  Department  will 
have  continually  growing  success  in  starting  promising 
students  on  their  careers  in  this  pure  science. 

It  is  not  desirable  that  these  new  instruments  should  cause 
individual  students  to  spend  more  time  on  their  undergraduate 
astron*  >mv  ;  but.  rather,  that  the}  should  spend  the  same 
amount  .  >t"  time  more  efficiently,  and  that  a  greater  number  of 
student-  >b«.uld  be  attracted  to  the  study  .  >t  astmnniii}  and 
have  their  requirements  suitably  met.  it  these  instruments 
should  < mice  the  future  astronomer  away  from  simultaneous 
studies  in  the  English  language  and  literature,  in  history,  in 
economies,  and  in  other  studies  which  broaden  and  balance  him. 
then  thev  would  in  fact  be  a  detriment.  Any  undergraduate 
training  in  our  science  secured  at  the  sacrifice  <  u  a  liberal  and, 
broad  education  is  a  failure.  Xo  matter  how  excellent  his 
special  training,  the  yniin^  astronomer  starts  upon  his  pro- 
fession hadlv  handicapped  it  be  is  not  proficient  in  speaking 
and  writing  his  own  lan^ua^e,  and  if  he  does  not  p<  ><>,/>>  rea- 
sonable knowledge  of  many  subjects  apparently  unrelated  to 
his    science. 

In  these  davs  of  threat  things  one  frequently  bears  the 
opinion  expressed  that  for  useful  investigational  work  in  a^tron- 
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omy  powerful  telescopes  are  demanded.  It  is  true  that  recent 
advances  in  our  science  have  been  due  in  large  part  to  the  pos- 
session of  powerful  and  expensive  equipment.  But  the  directors 
of  observatories  possessing  such  equipment  are  wisely  restrict- 
ing their  programmes  of  work  to  those  problems  which  cannot 
be  solved  equally  well  with  small  instruments;  and  it  would 
be  a  grievous  mistake  to  assume  that  the  small  telescope  in 
suitable  hands  is  not  able  to  render  good  account  of  itself. 
Reference  to  the  work  of  a  few  small  telescopes  makes  interest- 
ing reading: — 

The  observations  for  Argelander's  Durchmusterung,  the 
work  consulted  more  frequently  than  any  other  by  astronomers, 
were  made  with  a  3-inch  refractor ; 

The  Cordoba  Durchmusterung,  continuing  the  above  work 
to  the  South  Pole,  is  based  upon  observations  made  with  a 
5-inch  telescope ; 

Nearly  all  unexpected  comets  are  discovered  with  instru- 
ments not  more  than  six  inches  in  diameter,  and  great  num- 
bers of  accurate  determinations  of  their  positions  are  made  with 
the   same   telescopes; 

Remarkable  contributions  to  our  knowledge  of  the  forms 
and  development  of  comets  have  been  made  in  the  past  twelve 
years  almost  wholly  with  photographic  telescopes  from  four 
to  six  inches  in  diameter; 

Our  comprehension  of  the  elements  which  contribute  to  suc- 
cess in  the  difficult  work  of  measuring  the  motions  of  the  stars 
in  the  line  of  sight  has  increased  until  to-day  we  should  be 
able  to  prove  with  a  6-inch  telescope  and  a  suitable  spectro- 
graph that  Capclla  is  a  spectroscopic  binary  star  whose  two 
components,  of  nearly  equal  size,  revolve  around  their  com- 
mon center  of  mass  in  104  days; 

The  work  of  Dr.  Roberts  in  the  past  ten  years,  in  South 
Africa,  on  the  photometry  of  variable  stars,  has  been  remark- 
able for  its  accuracy,  quantity,  and  systematic  nature;  yet  it 
has  all  been  done  with  telescopes  varying  in  size  from  one  to 
three  inches ; 

Keeper's  spectrograph^  observations  of  the  velocities  in 
the  ring  system  of  Saturn,  in  my  opinion,  constitute  the  most 
beautiful  individual  observation  made  in  recent  times;  yet  his 
telescope,  located  in  a  region  notorious  for  its  poor  atmos- 
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pheric  conditions  for  such  work,  was  only  thirteen  inches  in 
diameter. 

In  closing  this  informal  address.  I  beg  to  relate  an  incident 
which  bears  upon  the  question  of  the  success  of  the  excellent 
and  beautifully  finished  new  instruments  which  we  are  invited 
to  inspect  at  the  close  of  this  meeting:  In  the  year  1893,  a 
prominent  citizen  of  California,  connected  at  the  time  with  the 
educational  system  of  the  State,  visited  the  Lick  Observatory 
and  inspected  its  instruments.  I  wrell  recall  his  expression  of 
disapproval  when  he  saw  that  the  brass  tube  of  the  Crocker 
telescope,  with  which  Professor  Barnard  was  securing  his 
famous  photographs  of  the  Milky  Way  and  comets,  looked 
worn,  and  did  not  earn-  the  polish  which  one  sees  on  the  com- 
panion-rail of  a  steamship.  And  later  in  the  day.  when  the 
star  spectroscope,  which  Professor  Keeler  had  used  so  suc- 
cessfully in  measuring  the  motions  of  the  planetary  nebulae, 
and  in  investigations  on  objects  of  special  interest,  was  seen 
to  be  worn  and  scratched  from  five  years'  continual  use,  it  was 
remarked,  quite  forcibly,  that  wre  did  not  seem  to  be  taking  very 
good  care  of  our  instruments. 

The  most  comprehensive  good  wish  that  I  can  make  for 
the  Berkeley  Astronomical  Department,  in  whose  success  we 
all  rejoice,  is,  that  when  the  Astronomical  Society  of  the  Pacific 
i-  a^ain  invited  t  >  1 1 •  - 1  < I  a  meeting  in  the  Students'  (  >bservatorv 
we  -hall  tin <  1  tin-  varnish  wurn  away  from  many  part-  .  »f  these 
new    instruments. 


JilSIORY  AND  AIMS  (.)!•"  TIIK  STUDKXTS'  OBSERVATORY. 

By  A.  (_).  Lei  schnkk. 

Tin-  buiMin^s  and  equipment  which  we  dedicate  to-night 
bring  u>  considerably  nearer  to  the  realization  of  the  hope  of 
haying  at  the  University  uf  California  a  well-equipped  Stu- 
dents" Observatory.  (  »ur  hearts  are  full  oi  gratitude  to  those 
who  have  helped  us  meet  our  mot  pressing  needs. 

•  .VMr..--^  <1<;1i\ov<1  K-iuir  the  AstruMiMiiu'.il  Society  of  the  Pacific.  January  5  >.  u*-i. 
at  th<-  <l-.-<licati<j:i  <<i  the  new  ol>s.-r\  atory  huiMin^s  ol  the  University  of  California. 
Kewntten  t<  »r  the  /',■<  V/c  i* //<<>/.<  of  the  Astronomical  Societ\  oi  the  Pacific. 
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On  behalf  of  the  Berkeley  Astronomical  Department,  I 
thank  Mr.  William  M.  Pierson  for  the  gift  of  his  splendid 
eight-inch  reflector;  Mrs.  Herman  Oelrichs,  for  the  dona- 
tion of  the  late  Senator  Fair's  five-inch  refractor;  the  Presi- 
dent and  the  Hon.  Board  of  Regents,  for  the  erection  of 
suitable  buildings;  and  last,  but  not  least,  again,  President 
W heeler,  who  is  ever  taking  a  keen  interest  in  all  that  concerns 
our  students,  for  causing  the  regular  budget  of  the  Students' 
Observatory  to  be  increased  so  as  to  enable  us  to  make  material 
additions  to  our  equipment.  The  total  value  of  our  new  pos- 
sessions is  over  nine  thousand  dollars,  the  value  of  the  new 
equipment  alone  being  over  five  thousand  dollars.  Our  thanks 
are  also  due  to  Professor  John  Galen  Howard,  Supervising 
Architect  of  the  University,  and  his  staff,  for  the  care  taken 
in  meeting  our  requirements,  with  reference  to  the  design  of 
the  new  buildings,  and  to  the  California  School  of  Mechanical 
Arts,  particularly  to  Messrs.  G.  A.  Merrill  and  E.  T.  Hewitt, 
for  their  aid  in  the  construction  of  the  photographic  telescope 
and  the  running-gears  of  the  new  domes.  Dr.  A.  F.  Gillihan 
and  Mr.  Yal.  Arntzen  are  to  be  particularly  complimented 
for  the  energy  and  efficiency  displayed  by  them  in  the  construc- 
tion of  the  photographic  telescope  and  in  putting  our  new 
equipment  in  place. 

The  new  buildings  are  intended  to  be  temporary,  and  are 
constructed  of  wood.  They  consist  of  a  main  building,  with 
domes  for  the  Oelrichs  and  photographic  telescopes,  and  a 
separate  dome  for  the  Pierson  reflector.  The  main  building 
extends  north  and  south  on  the  west  slope  of  the  hill  on  which 
the  Students'  Observatory  is  situated,  and  faces  east.  It  con- 
tains, aside  from  the  domes,  two  large  rooms,  30  x  30  and 
20  x  30.  on  one  floor ;  also  a  photographic  dark-room  and 
store-rooms  in  the  basement.  The  reflector  dome  is  located  on 
the  south  slope  of  the  hill. 

The  new  equipment  includes  the  Pierson  (Newtonian)  re- 
flector, of  8  inches  aperture  and  6  feet  focal  length,  by 
Brash  ear;  the  Oelrichs  refractor,  of  5  inches  aperture  and 
63/3  feet  focal  length,  lens  by  Alvan  Clark  and  mounting 
by  Gaertner  &  Co..  Chicago;  a  mounting  designed  and  con- 
structed in  the  University  for  the  Harrison  portrait-lens,  of 
$]/2   inches  aperture  and  22  inches   focal  length,  a   Repsold 
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measuring-apparatus  for  measuring  positions  on  photographic 
plates,  and  a  Gaertner  comparator  for  measuring  spectro- 
grams. 

In  addition  to  these  improvements  a  wooden  platform  sur- 
rounding three  piers  has  been  erected  in  the  open  space 
between  the  old  and  new  buildings,  for  use  as  an  open-air 
observatory  with  portable  instruments.  The  three  instruments 
in  question,  which  have  been  loaned  to  the  department,  are  a 
3-inch  equatorial  of  4  feet  focal  lengthy  a  1^4 -inch  Browning 
transit-instrument,  and  a  i^-inch  altazimuth  instrument,  with 
circles  graduated  to  5". 

Our  new  acquisitions  are  primarily  intended  to  increase  the 
efficiency  of  our  instruction  in  practical  astronomy,  but  they 
will  also  afford  the  members  of  the  department  considerable 
opportunity  for  original  observation. 

The  Students'  Observatory  of  the  University  of  California 
occupies  a  unique  position  among  the  astronomical  observa- 
tories in  this  and  other  countries.  Founded  originally  for  the 
purpose  of  giving  a  few  civil-engineering  students  the  astro- 
nomical knowledge  necessary  to  their  profession,  its  develop- 
ment ever  since  has  been  in  the  direction  of  creating  new 
opportunities  for  the  study  of  astronomy  in  all  its  branches, 
omil  now  it  L  w-h  p-o^nized  that  the  University  <:  i  California. 
.'.:*;.  :f»  *.'.-•  a~*r  :o  mical  department^ — the  Lick  a::-;  the 
i  \<r'r.'  '.•■■  -  -~ha-  a  \\  <!'.-'  rLranized  and  pr<  minem  tramin^-s^b  -  : 
or  *!.•■  po-h-  —  i-  n  •  f  a»tp  <n<  -my.  It  wa>  thr-  np;h  the  eff- Tt> 
>  >i  J'p.fe  —  .  r  I oo\\h  Sooll.  head  <<f  the  Department  ■  •:"  Civil 
Lmmo-'-rmLO  ahly  a  — i-ed  hy  Lr-fes- .r  William  "i~  1 1  •  •  .\:  ,\< 
Wlllll.  tb  n  Superintendent  of  I'uhlic  Instruction,  that 
an  apj»p  -nriati-  n  -  1  ini  th"U>and  dollars  n  r  the  erecti'  n  ..fa 
r- •  i : '  1  ■  - 1 ". t  - "  '  )!i-irvat'T\  wa-  secured  in  in  the  Legislature  of 
':«■  :q>]ir<  -]^r!ati«'»n  was  m<  :st  wi-Cy  and  eo>- 
■:p<-r.d<  C  al.)':Ui  --lie  half  heinc;  applied  K»  the  erec- 
ti' 11   '  <f  th'-  ii''-''--ary   htiiMin^  and  one  half  to  equipment. 

f  n-inu.-ti' -n  in  thi-  little  observatory  c<  'inmenced  m  the 
fall  <>i  1XS7.  I  \\C!  Pniember  the  fine  impression  which  the 
'  -h-'Tvat  -r\  made  ntxn  me  when  I  first  visited  the  -aiv.e  in 
1^'^).  dmin.LT  no  ca p ■<  r  a-  a  .-tndent  in  the  Lick  <  >l^er\-an  -r\ . 
('<  minn;  down  f r<  in  the  ,ureat  Lick  <  >b>ervatorv.  with  its  hucre 
and   maL'iiincent    iio:nm:<nts  an, J   perfect   equipment,   the    Stu- 
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dents'  Observatory  impressed  me  as  a  neat  and  complete  model 
of  what  a  large  observatory  should  be. 

The  observatory  building  then  consisted  of  the  dome, 
housing  the  6-inch  equatorial  of  8J/3  feet  focal  length;  the 
small  instrument-room  for  minor  apparatus ;  the  transit-room, 
containing  the  3-inch  Davidson  zenith  and  transit  telescope; 
the  Howard  mean-time  clock,  the  chronograph,  and  the  switch- 
board ;  and  two  small  rooms.  A  small  house  in  the  rear  har- 
bored the  Ewing,  Gray,  and  Duplex  seismographs.  The  minor 
equipment  included  a  spectroscope,  sextants,  chronometers, 
level-trier,  and  spherometer. 

Since  then  the  observatory  has  been  enlarged  four  times, 
by  the  addition  of  a  computing- room,  17  x  30;  an  office  for  the 
Director ;  a  lecture-room,  seating  200  students ;  and  the  build- 
ings which  are  being  dedicated  to-night. 

In  the  earlier  days  the  headquarters  of  the  Department 
of  Civil  Engineering  and  Astronomy,  of  which  the  Students' 
Observatory  formed  the  other  part,  consisted  of  one  room 
on  the  top  floor  of  North  Hall.  The  head  of  the  department 
and  one  instructor  made  up  the  staff.  It  was  not  long  before 
the  burden  of  carrying  the  instruction  in  civil  engineering  as 
well  as  in  astronomy  became  so  great  that  Professor  Soule 
was  forced  to  ask  to  be  relieved  of  the  latter,  and  in  1892  the 
courses  in  general  and  practical  astronomy,  offered  for  the 
benefit  of  the  civil-engineering  students,  were  assigned  to  me 
while  I  still  retained  my  connection  with  the  Department  of 
Mathematics. 

It  was  at  this  time  that  the  tremendous  possibilities  in  the 
University  of  California  for  the  development  of  a  successful 
department  of  instruction  first  impressed  themselves  upon  me. 

The  ideals  which  since  then  have  constantly  been  kept  in 
mind  were  first  to  shape  the  undergraduate  work  in  astronomy 
so  that  upon  graduation  the  student  would  be  found  fully 
qualified  to  take  part  as  an  assistant  in  the  regular  work  of  a 
large  observatory,  and  then  to  develop  graduate  instruction  in 
such  lines  as  could  be  satisfactorily  undertaken  at  Berkeley. 
At  the  same  time  the  original  purpose  of  the  observatory — 
to  afford  the  necessary  instruction  in  astronomy  and  geodesy 
to  civil-engineering  students — has  been  carefully  adhered  to. 
Provision  has  also  been  made  for  special  instruction  in  navi- 
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gation  and  nautical  astronomy  for  students  in  the  College  of 
Commerce.  Aside  from  these  functions  of  the  observatory, 
which  provide  instruction  for  students  with  specific  views  in 
mind,  the  department  has  organized  general  lecture  and 
observatory  courses,  open  to  all  students  of  the  University, 
for  the  benefit  of  those  who  wish  to  familiarize  themselves 
with  the  fundamental  principles  of  astronomical  science,  their 
philosophy  and  historical  development.  In  these  courses 
special  attention  is  paid  to  modern  methods  of  research  and 
new  discoveries.  Among  others,  the  course  in  modern  astron- 
omy is  given  jointly  by  the  Lick  and  the  Berkeley  Astronomical 
Departments  and  every  member  of  the  University  enjoys, 
therefore,  the  opportunity  of  being  brought  into  immediate 
contact  with  the  most  recent  work  of  our  great  Observatory 
at  Mount  Hamilton. 

That  there  always  has  been  and  now  is  call  for  a  thorough 
training-school  for  the  astronomical  professions  needs  hardly 
to  be  emphasized.  Perhaps  no  science  attracts  the  popular 
fancy  more  than  astronomy.  As  a  result  many  gifted  men  and 
women  acquire  small  telescopes  and  devote  themselves  as 
amateurs  to  a  certain  limited  class  of  observations,  often  reach- 
ing therein  a  perfection  which  places  their  names  prominently 
before  the  world.  A  university  should  extend  to  them  every 
'>]>!>'  r*':n;tv  to  c ■  >nil.<;nr  with  their  enthusiasm,  energv.  and 
hriiha:,'-;.-  a  profound  knowledge  of  the  necessary  principles  <  >f 
;j;a*l;»Ti.a;:<>.  plu-io.  and  a-tronomy.  Many  university  grad- 
i:.v<-  v.  ho  in  their  undergraduate  career  plan  to  become 
,v,pinii'f>  lat'T  rind  that  the  institutions  which  the}'  have 
attended  v.  ere  not  prepared  to  give  them  the  necessary  instruc- 
1 1'  .n  and  guidance. 

The  nr.-r-dtv  of  a  thorough  preparation  for  the  professions 
of  medi<:m<\  law.  and  engineering  has  long-  been  recognized, 
aii'i  the  aiergie-  of  most  universities  are  bent  on  offering  the 
h<M  posdble.  preparation  for  them.  Of  the  pure  sciences  none 
is  -o  much  in  need  of  similar  attention  as  astronomy,  as  it  de- 
pends in  an  unusual  degree  upon  allied  sciences,  particularly 
upon  mathematics  and  physics. 

The  rjiie>tion,  however,  might  arise  whether  or  not  the  or- 
ganization of  a  department  of  instruction  in  astronomy  at 
Berkeley   would   involve  a   serious  and  undesirable  duplication 
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of  the  work  of  the  great  Lick  Observatory,  which  forms  an 
integral  part  of  the  University.  We  might  ask  ourselves 
whether  a  university  should  abandon  its  medical  instruction  be- 
cause it  is  in  touch  with  famous  hospitals.  Would  the  hospital 
work  be  of  benefit  to  any  one  but  a  qualified  student  for  further 
experience?  Is  such  a  university  not  all  the  more  under  ob- 
ligation to  organize  the  best  possible  medical  instruction,  so  as 
to  give  its  young  doctors  the  full  benefit  of  the  available 
hospital  opportunities  ?  Or  would  it  be  feasible  to  attempt  the 
instruction  in  the  various  branches  of  science  upon  which 
medicine  depends  in  the  hospital  itself?  And,  further,  ought 
graduate  or  research  work  in  astronomy  be  attempted  at 
Berkeley?  Is  not  the  work  of  our  new  Physiological  Labora- 
tory under  Professor  Loeb  of  the  highest  importance  to  medi- 
cal science?  Is  there  not  research  work  in  astronomy  which 
is  similarly  related  to  the  observational  work  of  a  great  observ- 
atory? Among  others,  theoretical  astronomy  and  celestial 
mechanics  certainly  are. 

The  two  directions  in  which  the  energies  of  the  department 
at  Berkeley  ought  to  be  applied,  clearly  defined  themselves  at 
the  outset,  and  ever  since  the  aim  of  the  department  has  been 
to  develop  elementary  and  advanced  instruction  in  all  branches 
of  astronomy,  and  to  organize,  in  particular,  graduate  and  re- 
search work  in  theoretical  astronomy  and  celestial  mechanics. 

Thus  our  aims  have  been  to  supplement  rather  than  dupli- 
cate the  work  of  our  great  Observatory  at  Mount  Hamilton. 
No  astronomical  department,  however,  can  be  of  great  service 
to  intending  astronomers  without  the  hearty  co-operation  of 
other  departments,  particularly  of  mathematics  and  physics. 
It  is  only  fitting  that  on  this  occasion  acknowledgment  should 
be  made  of  the  hearty  co-operation  which  the  heads  of  these 
departments  in  this  University  have  shown  at  all  times  in 
providing  for  the  needs  of  our  astronomical   students. 

The  first  important  step  in  the  development  of  our  so-called 
"  School  of  Astronomy  "  was  taken  in  1894.  when  the  College 
of  Civil  Engineering  organized  a  special  undergraduate  course 
in  astronomy  and  geodesy.  With  the  organization  of  our 
College  of  Natural  Sciences  and  the  growing  demand  for 
instruction  in  pure  astronomy,  this  course  was  taken  out  of 
the  College  of  Civil  Engineering.    A  few  years  later  the  Stu- 
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dents'  Observatory  was  separated  from  the  Department  of 
Civil  Engineering  and  Astronomy,  the  new  department  receiv- 
ing the  name  of  *'  Berkeley  Astronomical  Department/* 

A  new  impetus  was  given  to  the  efficiency  of  the  work  of 
higher  instruction  in  astronomy  in  1898,  when,  at  the  recom- 
mendation of  Director  Keeler,  a  vacancy  in  the  regular  staff 
of  the  Lick  Observatory  was  filled  by  the  appointment  of  three 
graduates  of  the  University  of  California  to  fellowships  in  the 
Lick  Observatory,  with  the  priviiege  of  spending  one  term 
each  year  in  graduate  work  at  Berkeley. 

When  I  made  a  suggestion  in  this  direction  to  Professor 
Keeler  on  the  day  of  his  arrival  in  California,  he  expressed 
his  doubts  as  to  the  value  in  a  large  observatory  of  young 
graduates  whose  sole  experience  consisted  in  the  astronomical 
work  done  as  undergraduates,  but  he  agreed  to  try  the  experi- 
ment for  one  year.  A  few  months  later,  at  a  meeting  of  the 
heads  of  departments  at  Berkeley,  he  expressed  regret  that 
more  fellowships  were  not  available  for  our  graduates.  Since 
then  the  Lick  and  the  Berkeley  astronomical  departments  have 
commenced  to  vie  with  each  other  in  meeting  the  needs  of 
graduate  students. 

While  at  first  the  time  of  Fellows  at  Mount  Hamilton, 
bv  force  of  circumstances,  was  much  taken  up  with  ordinary 
p  utine  work.  Director  Camit.ki.l  is  lending  his  energies 
n-'P-  an*!  more  to  create  for  them  opportunities  an<.l  facilities 
f«  r  original  research,  ^o  that  it  would  seem  that  at  present. 
tliPULdi  the  co-oprration  of  the  various  departments  con- 
cerned, tlie  organization  of  the  instruction  in  astronomy  and 
its  allied  subjects,  particularly  for  candidates  for  the  decree 
•  f  I)'  etor  of   Philosophy,  leaves  little  to  be  desired. 

'Idle  I'niversity  of  California  has  already  turned  -  -m  a 
f<  rmidable  array  of  yount^  astronomers.  Some  ^i  \x<  grad- 
uates are  at  the  head  of  astronomical  departments  in  Eastern 
institution^.  The  two  men  who  compose  the  statr  "f  the 
Mills  Expedition  of  the  Pick  (  )bscrvatory  to  South  America 
wer«-  fi r s  1  introduced  to  the  science  of  astrononiv  m  this 
building.  (  Mie  man  is  a  research  assistant  in  theoretical  work 
under  Profess,]-  \  1  v,  com  p,  in  the  Carnegie  Institution  at 
Washington.  Several  are  rapidlv  rising  in  the  l  nited  States 
(oast   and  <  ,<  -.-detic  Survey.     (  hie  is  instructor  in  this  de-part- 
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ment,  and  so  on.  Eight  have  been  found  worthy  of  appoint- 
ment to  fellowships  in  the  Lick  Observatory.  In  this 
connection,  it  may  be  stated  that  only  students  wrho  give  evi- 
dence of  exceptional  qualifications  as  accurate  observers  and 
computers,  and  of  ability  for  original  research,  are  recom- 
mended by  the  Berkeley  Astronomical  Department  for  admis- 
sion to  the   Lick  Observatory. 

Many  students  of  astronomy  turn  their  eyes  to  California 
for  the  completion  of  their  training.  During  the  few  weeks 
which  have  elapsed  since  the  opening  of  the  current  semester, 
this  department  has  received  no  less  than  four  applications 
from  men  and  women  already  actively  engaged  in  astronomi- 
cal work,  with  reference  to  the  conditions  on  which  they  might 
continue  their  theoretical  work  at  Berkeley,  and  no  doubt 
Director  Campbell  receives  even  more  applications  from 
advanced  students  who  desire  to  profit  by  the  unexcelled 
opportunities  of  the  Lick  Observatory. 

Thus  our  efforts  seem  not  to  have  been  in  vain.  Not  long 
ago,  Professor  Newcomb  was  reported  to  have  stated  that 
there  were  two  things  standing  out  prominently  in  astronom- 
ical science  of  to-day:  on  the  one  hand  the  never-ceasing 
Mow  of  new  and  startling  observational  results  from  the  Lick 
Observatory,  and  on  the  other  the  production  of  men,  well 
trained  for  their  profession,  in  the  University  of  California. 

It  is  our  constant  aim  to  turn  out  men  who  are  not  merely 
astronomical  practitioners,  but  scholars  in  the  true  sense  of 
the  word.  It  is  scholars  who  are  needed  in  astronomy — men 
capable  of  promoting  science. 

An  outline  of  the  various  courses  of  instruction  offered  to 
astronomical  students  has  been  printed  by  the  University 
under  the  title  "Announcement  to  Students''  by  the  Lick 
Astronomical  Department  and  the  Berkeley  Astronomical 
Department.  It  may  not,  however,  be  without  interest  to  state 
here  a  few  characteristic  features  of  the  instruction  given  in 
this  department.  First  of  all,  we  make  it  clear  to  students  who 
desire  to  prepare  for  an  astronomical  profession  that  their 
chief  reward  in  later  life  will  consist  in  the  satisfaction  which 
they  will  derive  from  their  work.  Only  those  who  prove 
themselves  to  be  exceptionally  well  fitted  for  astronomical 
work  are  encouraged  to  continue  their  studies.    The  quality  of 
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the  students  enrolled,  and  not  numbers,  count  in  our  advanced 
classes.  At  all  times  a  close  personal  contact  between  students 
and  instructors  is  preserved,  the  student  sharing  whatever 
problem  the  instructor  may  be  engaged  upon. 

In  the  practical  courses  we  have  no  set  programme  of  ob- 
servations and  reductions.  A  student  is  kept  at  work  from 
the  very  beginning  with  the  same  instrument — generally  the 
sextant — until  he  can  use  it  with  the  skill  of  an  experienced 
astronomer.  This  means  slow  progress  at  first,  but  our  experi- 
ence has  taught  us  that  the  student  who  thoroughly  masters  one 
instrument  is  not  satisfied  until  he  can  handle  ever)"  other  in- 
strument equally  well.  It  is  in  this  way  that  the  student  will 
gradually  acquire  that  taste  for  thoroughness  and  accuracy  so 
characteristic  of  Bessel.  With  the  instrument  which  he  has 
mastered  the  student  takes  part  in  such  work  as  the  observa- 
tory undertakes  from  time  to  time.  Students  are  not  taught 
to  do  approximate  work  first,  but  the  greatest  accuracy  is 
aimed  at  from  the  outset.  Approximate  work  where  it  is 
sufficient  can  only  then  be  done  intelligently,  when  the  sub- 
ject is  first  thoroughly  mastered.  Problems  are  selected  which 
require  the  greatest  skill.  Thus  by  stellar  distances  students 
have  determined  with  great  accuracy  the  eccentricities  of  our 
sextants  and  have  determined  the  longitude  by  lunar  distances. 
I::  practice  the  last-named  experiment  lias  become  obscure.  but 
:>  traimuc;  value  cannot  be  underestimated.  By  the  tele- 
graphic method  -tudent-  have  furnished  the  observatory  with 
accurate  determinations  >ji  the  differences  in  longitude  between 
Berkeley.  .\b-uut  Hamilton,  and  San  Francisco.  Extended 
latitude  series  by  Ta:.<.<  ot\s  method  are  available  f <  >r  discus- 
si'  r.  :  similarly,  o-mets.  asteroids,  and  variable  stars  are  <■!;>- 
served   :r -m   time  to  time.   etc. 

In  theoretical  w-  -rk  the  same  thoroughness  is  aimed  at. 
Indep-mdem  th'  tt'  ht  is  cultivated  in  students,  as  well  as  a 
cr:t:cal  attitude  t  '.-.are:  what  they  receive  in  lectures  or  from 
bo-''ks.  Mechanical  reduction  of  observations  without  a  thor- 
ough kit  wle  lea-  01  the  suhcect  is  distinctlv  discouraged.  In 
the  theory  >'■■:  orbits  a  comparative  study  is  made  of  the  various 
methods  pr'-p-»sL-d  :■  r  deriving  the  elements  of  newlv  discov- 
ered c  m.ets  ■  r  asteroids,  with  a  view  to  enable  the  student  to 
select  i:t  a  given  case  the  method  best  suited  to  the  solution  of 
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the  orbit  on  the  basis  of  the  underlying  conditions.  A  senior, 
before  graduation,  is  expected  to  be  ready  to  calculate  at  a 
moment's  notice  a  preliminary  orbit  and  ephemeris  of  a  newly 
discovered  comet  or  asteroid. 

This  work  has  been  extensively  practiced  in  the  past,  and 
on  more  than  one  occasion  students  of  this  University  were 
the  first  to  announce  the  orbit  of  a  new  comet.  By  making 
the  student  participate  in  the  real  astronomical  work  of  the 
day,  his  ambition  and  enthusiasm  are  constantly  stirred. 

The  numerical  determination  of  the  perturbations  of  the 
Watson  asteroids  supplements  the  wrork  in  the  seminary  or 
the  lecture-room. 

A  great  part  of  the  scientific  output  of  the  Students'  Ob- 
servatory must  be  considered  to  consist  in  the  later  achieve- 
ments of  the  men  who  go  forth  from  it.  Owing  to  the  large 
amount  of  time  devoted  to  the  training  of  students  the  mem- 
bers of  the  department  are  naturally  handicapped  in  prosecut- 
ing their  own  researches.  It  is  not  uncommon  for  us  to  find 
ourselves  called  upon  to  drop  our  own  investigations  at  a 
critical  point,  in  order  to  assist  a  student  in  his  work.  Never- 
theless, we  have  been  able  to  publish  some  observations  and 
theoretical  investigations  which  are  not  without  value,  and 
several  important  papers  are  now  awaiting  the  finishing 
touches  for  publication. 

This  account  of  the  aims  and  the  history  of  the  Students' 
Observatory  would  not  be  complete  without  touching  upon 
some  of  the  wants  still  felt.  Aside  from  the  new  observatory 
which  is  to  form  part  of  the  Greater  University  under  the 
PiKEr.E  Hearst  plans,  this  department  needs  above  all  the 
establishment  of  some  scholarships  or  fellowships. 

I  trust  that  the  members  of  the  Astronomical  Society  of 
the  Pacific,  whom  we  so  gladly  welcome  here  to-night,  and 
who  I  hope  will  be  seen  frequently  in  these  buildings  hereafter, 
will  aid  us  in  our  ambitions.  Perhaps  some  day  they  may 
wish  to  make  their  headquarters  on  these  grounds,  thus  bene- 
fiting themselves  and  us  by  closer,  contact  with  one  another. 
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THE  CONSTANT  OF  REFRACTION. 


By  Russell  Tracy  Crawford. 

(Read  before  the  meeting  of  the  Society  held  in  Berkeley,  January  30,  1904) 

The  phenomenon  known  as  refraction  was  first  mentioned 
by  and  probably  discovered  by  Ptolemy,  who  lived  about  the 
second  century  A.  D.  In  his  famous  treatise  on  optics  he 
points  out  that  the  light  coming  to  us  from  a  star  or  heavenly 
body,  on  entering  our  atmosphere  and  traversing  it  to  its  lower 
and  denser  portions,  is  gradually  bent  or  refracted,  the  result 
being  that  the  object  appears  to  the  observer  to  be  nearer 
the  zenith  than  it  actually  is.  He  shows  further  that  this 
bending  ranges  from  zero  at  the  zenith  to  a  maximum  at  the 
horizon. 

Walther,  who  worked  in  the  fifteenth  century  A.  D..  was 
the  first  one  to  make  any  successful  attempt  to  allow  for  at- 
mospheric refraction  in  reducing  observations. 

Tvcho,  who  is  celebrated  for  his  wonderful  series  of  ac- 
curate observations,  recognized  fully  the  importance  of  refrac- 
tion, and  consequently  made  a  series  of  observations  to  find 
out  the  amount  of  displacement  of  an  object,  due  to  this  bend- 
ing for  different  parts  of  the  sky.  and  constructed  the  first 
tabic  of  refraction.  Although  it  was  not  a  very  accurate-  <  ne. 
it  mark-  an  epoch  in  the  study  of  this  phenomenon.  l\Kri.i:u. 
following  Tnchu.  made  a  considerable  improvement  in  the 
theory    of    astronomical    refraction. 

The  law  of  refraction  was  discovered  by  Sxkll  in  the  earlv 
part  of  the  seventeenth  century.  In  the  latter  part  e»f  this 
same  century.  Cassim  computed  a  new  table  oi  refractions 
which,  was  an  improvement  upon  Kki'Lkk's.  This  was.  in 
turn,  followed  by  a  further  improvement  by  LIuaplky  in  the 
early  part  of  the  eighteenth  century. 

About  1S1S  Ih.ssiL  j^ave  us  his  theory  of  refraction,  which 
is  the  one  used  to-day.  "Although  the  complete  theoretical 
solution  was  then,  as  now,  unattainable,  he  succeeded  in  con- 
structing a  table  of  refractions  which  agreed  verv  clo^clv  with 
observations  and  was  presented  in  such  a  form  that  the  neces- 
sary correction  for  a  star  in  almost  any  position  could  be  ob- 
tained  with   verv   little  trouble." 
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The  importance  of  retraction  in  any  problem  involving, 
either  directly  or  indirectly,  the  zenith  distance  of  an  object 
is  evident.  The  amount  of  the  bending  depends  upon  two 
things,  the  density  of  the  air  surrounding  the  observer,  and 
the  angle  at  which  the  ray  of  light  strikes  the  refracting  me- 
dium. As  for  the  variation  with  the  angle  of  incidence,  we 
may  say  that  refraction  varies  (very  nearly)  directly  as  the 
tangent  of  the  angle  of  incidence.  The  density  of  the  air 
depends  principally  upon  the  elevation  above  sea-level,  and 
the  temperature.  Bessel's  theory  takes  account  of  all  these 
things,  and  in  this  theory  is  involved  what  is  known  as  the 
constant  of  refraction. 

We  might  now  ask  what  we  mean  by  the  constant  of  re- 
fraction, or  what  is  the  constant  of  refraction.  It  is  not  a 
number  representing  something  of  which  we  can  form  a 
definite  picture,  as  we  can  of  the  constant  of  aberration,  for 
instance,  which  is  the  angle  whose  tangent  is  the  ratio  of  the 
velocity  of  the  Earth  in  its  orbit  to  the  velocity  of  light;  but  it 
is  one  of  two  numbers  which  enter  as  constants  into  the  general 
expression  of  refraction,  and  cannot  be  described  in  words, 
but  merely  represented  analytically.  These  two  constants 
are  usually  designated  a  and  /?;  but  the  one  called  a  is  known 
as  the  constant  of  refraction. 

The  values  of  these  constants  may  be  found  from  theory  by 
making  some  assumption  as  to  the  law  of  the  decrease  of 
density  of  the  air  for  increasing  heights  above  the  surface 
of  the  Earth.  Several  such  assumptions  have  been  made  and 
tables  of  refraction  deduced  from  them;  some  of  them  give 
values  of  the  refraction  which  agree  fairly  well  with  observa- 
tions for  a  short  distance  from  the  zenith,  but  fail  utterly  for 
large  zenith  distances.  The  hypothesis  presented  by  Bessel, 
however,  holds  very  well  indeed  for  all  zenith  distances  down 
to  about  85  °.  It  is  upon  this  hypothesis  that  modern  refrac- 
tion tables  are  based. 

First,  then,  tables  were  made  from  these  theoretical  values 
of  the  constants,  and  corrections  have  since  been  made  to 
them  by  making  use  of  the  discrepancies  found  to  exist  be- 
tween the  theoretical  values  of  the  refractions  and  the  actually 
observed  values.  These  discrepancies  are  small;  so  small,  in 
fact,  that  we  may  regard  the  formula  for  refraction,  which  in- 
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volves  these  constants,  as  representing  the  laze  of  refraction 
well  enough,  but  they  are  too  large  to  give  very  fine  results, 
such  as  are  needed  in  work  with  the  meridian-circle.  The  con- 
stants of  refraction,  therefore,  must  receive  small  corrections 
in  order  to  make  theory  and  observation  harmonize.  The  con- 
stant p  is  small,  and  is  undoubtedly  very  accurately  known, 
so  that  our  attention,  for  the  present,  will  be  directed  wholly  to 
the  constant  of  refraction,  a. 

Considering,  then,  that  no  correction  to  p  is  needed,  the 
following  equation  can  be  shown  to  exist: — 

dr  =  — da 

a 

in  which  r  is  the  refraction,  a  the  constant,  dr  the  difference 
between  the  observed  and  the  computed  refraction,  and  da  the 
small  correction  to  be  applied  to  the  constant,  upon  which  the 
computed  refraction  depends,  to  obtain  the  constant  which  will 
agree  with  the  observations. 

The  whole  problem,  therefore,  resolves  itself  into  finding 
some  means  of  deriving  the  true  refractions  from  observations 
so  that  we  may  form  the  quantity  dr.  There  are  several 
methods  of  obtaining  refractions  from  observations.  The  one 
generally  used,  and  which  gives  excellent  results,  is  by  observa- 
tion- of  circnmpo-lar  -tars.     I  -hall  explain  this  method  in  the 


::.  ''••  ••-■:::;  v.  :.y.  I:  :).•■  p.  dar  p<-.i:u  were  n<  :  itself  affected  by  re- 
::';■'■;■:..  ':•  -:::.;!■■  d::f -:-»•:;■.  e  between  the  two  results  i>>7  the  star's 
j  '■■■■'  'h -'.v.'---.  •.'v.au.ed  fr<  m  the  upper  and  lower  <:  b-ervatior.s.  would 
'  ■     '  :.•     re  too  ':<  •::    i<  :    the-    lower    point. 

"  .\  •  '■-  t<>  !  ,i;  f  y:.x\;n,!t'-  )■ ,  however,  we  may  neglect  the  refraction 
'■■■'-  ''■■'  ]>■]'.  and  t].u-  <-htaiu  a  first  approximate  hover  refract;- >r..  By 
"••.::].-  -.f  :!.:•  ■.«..;  :;;;.y  e-'injiutc  an  tiffr<.>.\-imdtc  polar  refraction,  and 
'  '-'•  ;  a  !.r--  "  .  <  rr«.cted  polar  p-mt.'  With  thi-  compute  a  -ec-nd 
appioxima---  ]■••,•.-  r  r<  fraction,  which  will  he  much  more  nearly  right 
:  h  o :  i  'h«  tir--:  :]■.:-  v.;  11  giw  a  -econd  'corrected  polar  point':  thi>  will 
1!l  "im  go.  e  u-  a  third  approximation  tr,  the  refraction;  and  -■ .  .  <m 
ihu  ::  v.'uld  !.<\<r  he  nee  — ary  to  go  beyond  the  third,  as  the  ap- 
pr«'M!i.aTi-.n  i>  -(ry  rapid.  If  the  >tar  cloes  not  go  exactly  through  the 
/'n:;!l'  I!  !~  '!:!.v  ncce--nry  to  compute  each  time  approximate  refrac- 
ti"?o    lor  it-   upp.-r  obo-rvan<  ii.  a-   well  as   for  the  polar  point." 
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This  method,  as  I  have  said,  gives  excellent  results,  but 
it  has  several  disadvantages,  which  it  might  be  well  to  note. 
In  the  first  place,  it  is  easily  seen  that  the  computations  re- 
quired are  quite  complicated  because  of  the  approximations 
which  have  to  be  made;  further,  the  latitude  and  its  variation 
are  involved ;  again,  the  field  of  observation  is  limited ;  and 
finally,  there  must  be  a  wait  of  twelve  hours  or  six  months 
between  the  observations  at  upper  and  lower  culminations.  If 
this  wait  is  twelve  hours,  one  observation,  in  general,  will  be 
made  in  the  daytime  under  entirely  different  atmospheric  con- 
ditions from  the  one  made  at  night ;  if  the  wait  is  six  months, 
so  that  both  observations  may  be  made  at  night,  the  atmos- 
pheric conditions  will  again  probably  be  entirely  different  at 
the  times  of  the  two  observations. 

It  is  my  purpose  now  to  present  briefly  another  method  by 
which  refractions  may  be  observed.  It  may  be  stated  as  being 
a  ''quasi"  converse  to  Taixott's  method  of  determining  lati- 
tude. Instead  of  eliminating  refractions  to  get  the  latitude  the 
method  is  to  determine  the  refractions  by  eliminating  the 
latitude,  as  follows: — 

Let  ^s  =  the  zenith  distance  of  a  southern  star. 

sn  =  the  zenith  distance  of  a  northern  star. 

z\  =  the  apparent  zenith  distance  of  the  southern  star. 

2n  =  the  apparent  zenith  distance  of  the  northern  star. 

8s  =  the  declination  of  the  southern  star. 

8n  =  the  declination  of  the  northern  star. 

?\  =  the  refraction  of  the  southern  star. 

rn  =  the  refraction  of  the  northern  star. 

<£  =  the  latitude  of  the  meridian-circle. 

Then  »..  =  *  +  *.  =  *  + (*'■  +  '„)  (i) 

8S  =  <*>  —  *,  =  <*>  —  (*',+  r»)  (2) 

K  —  K  =  z\  +  zn  +  rs  +  rn  (3) 

Let  A=:8n  — 8S  (4) 

B  =  y.  +  yB  (5) 

Then  A=B  +  rs+rn  (6) 

or  r$  +  rn  =  A  — B  (7) 

If  now  the  southern  and  northern  zenith  distances  were 
the  same,  and  if,  at  the  times  of  observing  them,  the  condi- 
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tions  of  the  atmosphere  were  the  same,  the  two  refractions 
would  be  the  same, — i.  e. — 

r,=  rD 
In  this  case  we  have 

2r  =  A  —  B  (I) 

In  practice  these  ideal  conditions  are  only  approximately  satis- 
fied.   We  therefore  proceed  as  follows: — 
From  (7)  we  have 

2rs  —  r,  +  rn  =  A  —  B  (8) 

whence  2  r8  =  ( A  —  B)  +  (rs  —  rn) 

and  r$=  %  (A  —  B)  +  %  (rs— rn)  ) 

also  rn=^(A-B)+^(rn-rs))  (H) 

In  case  the  northern  star  is  at  lower  culmination  we  shall 

have:  *         o  o  .  ,   ^ 

8n=i8o°  —  zn  —  +  (9) 

8,  =  <£  —  *s  (10) 

8„  +  8s=i8o°  —  *n  —  *s  (11) 

=  1800  —  [>'n  +  rn  +  *'.  +  rJ  ( I2) 

Hence        rn  -f  rs  =  1 8o°  —  [>' n  +  *',]  —  [8.  +  8S]  (13) 

and          2  /%  =  1 8o°  —  [>' „  +  r's]  -  [8n  +  8.]  +  [r,  —  rn]  ( r  4) 

Calling                                 A'=8n  +  8,  (15) 

and  since                                    H  =  r\  -(-  .:,''„  (  5  1 

we  have 

/-,  -  9o°  -  '  i  [ A'  +  B]  +  ><  [r,  -  ,•„]  , 
and  .-  Oil) 

/■„  =  90C-H  [A'+n]  +  ^[A„-rj\ 

In  order  to  obtain  the  refractions  from  (  II  )  and  (  III  )  it  is 
necessarv  to  know  the  declinations  of  the  stars,  their  apparent 
zenith  distances  (or,  rather,  the  sums  of  the  zenith  distances 
of  the  pairs  of  north  and  south  stars),  and  the  differences  be- 
tween the  refractions  of  the  pairs. 

(  Observations  were  made  at  the  Lick  (  observatory  by  my- 
self, in  accordance  with  this  method  during  a  few  months  of 
iSo,<;.  The  stars  used  were  all  fundamental,  and  in  a  first 
approximation  their  declinations  are  to  be  considered  absolute. 
Thev    were   taken    from    Professor    Xi-wcomb's   "Catalogue   of 
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Fundamental  Stars  for  1875  and  1900,  Reduced  to  an  Absolute 
System."  The  apparent  zenith  distances,  or  the  sums  of  the 
zenith  distances  of  the  several  pairs,  are  obtained  from  the 
meridian-circle  observations ;  and  the  differences  in  the  refrac- 
tions are  found  by  computing  the  refractions  from  some  stand- 
ard table.  In  this  work  the  Pulkowa  tables  have  been  used. 
The  term  l/2  (rs  —  rn)  being  of  the  nature  of  a  differential  re- 
fraction, any  error  in  the  constant  of  refraction  of  the  table 
used  will  have  practically  no  effect  upon  this  difference.  The 
more  nearly  ideal  conditions  (i.  e.  when  rs  —  rn)  are  ap- 
proached, of  course,  the  better  the  determination  of  the  refrac- 
tions will  be. 

This  method  has  both  its  advantages  and  its  disadvantages. 
Among  the  former,  the  most  important  are:  First,  the  total 
elimination  of  the  latitude,  and  hence  also  of  its  variation; 
second,  the  elimination  of  the  nadir,  since  (z\  -j-  zD)  is  nothing 
more  nor  less  than  the  difference  between  the  circle-readings, 
and  is  therefore  independent  of  the  zenith  point;  third,  there 
is  no  wait  of  twelve  hours  or  of  six  months  in  order  to  observe 
a  star  at  both  culminations,  as  is  usually  done;  and  fourth, 
the  simplicity  of  the  reductions. 

The  greatest  disadvantage  in  this  method  lies  in  the  fact 
that  the  declinations  of  the  stars  have  to  be  considered  known. 
But  by  taking  fundamental  stars,  such  as  those  whose  places  are 
given  by  Professor  Newcomb's  new  Fundamental  Catalogue, 
and  by  taking  a  large  number  of  these  stars,  this  difficulty 
will  be  nearly  completely  eliminated. 

The  value  of  the  constant  found  from  these  observations, 
reduced  by  the  method  just  given,  is  somewhat  smaller  than 
that  used  in  the  Pulkowa  refraction  tables.  It  is  60".  159  for  a 
pressure  of  76omm  at  o°  and  o°  (C.)  temperature. 

For  the  sake  of  comparison,  the  most  important  determina- 
tions of  the  constant  of  refraction  are  given  below.  These 
values  are  for  the  conditions  B  =  76omm  at  o°  C.  and  external 
thermometer  =  o°  C.  (These  values  are  taken  from  Professor 
Bausciunger's  "Untersuchungen  uber  die  Astronomische  Re- 
traction u.  s.  w."). 

1.  Fund.  Astr 6o".32o 

2.  Tab.  Reg 440 

3.  Tab.  Pulk 268 
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4.  Fuss 122 

5.  Greenvv.   1857-1865    120 

6.  Pulk.  1865 209 

7.  Greenvv.  1877-1886 192 

8.  Pulk.  1885 058 

9.  Munchen    104 

The  first  and  second  of  these  are  determinations  by  Bessel  ; 
the  third  by  Gylden  ;  the  fifth,  by  Stone;  the  sixth,  by 
Nyren;  the  seventh,  by  Newcomb;  the  eighth,  by  Nyren; 
and  the  last,  by  Bauschinger. 

Bauschinger  gives  weight  zero  to  each  of  Bessel's  de- 
terminations ;  to  the  first  because  there  was  considerable  uncer- 
tainty in  Bradley's  meteorological  instruments ;  to  the  second, 
because  of  the  uncertainty  in  reading  the  meridian-circle  (read 
by  vernier  to  one  second).  He  gives  equal  weight  to  the  last 
seven,  and  gets  for  a  mean 

a  =  6o".i53 

The  apparently  fine  agreement  of  my  value  with  this  mean, 
however,  is  purely  accidental,  as  can  be  seen  from  some  further 
reductions  of  the  observations  which  were  made  later.  It  was 
noticed  that  the  value  of  da  derived  from  individual  pairs  of 

stars  was  a  function  of  the  zenith  distance  of  the  pair  used, 
l/pon  plotting  these  values,  using  the  zenith  distance  ^  for  ab- 
scissa, and  il  lo^  a  for  ordinate,  it  was  easily  seen  that  these  val- 
ues varied  quite  uniformly  with  the  zenith  distance.  Therefore, 
a  term  depending  upon  the  zenith  distance  was  introduced  and 
the  resulting  equations  solved  by  the  method  of  least  .squares. 
This  solution  led  to  the  conclusion  that  the  so-called  constant 
of  refraction  used  in  the  Pulkowa  tables  needs  in  »t  only  a 
correction,  but  a  correction  for  every  zenith  distance.  In  other 
words,  the  formula  from  which  refractions  are  computed  needs 
to  be  modified.  Or  the  formula  may  be  retained  unaltered, 
and  the  desired  agreement  between  observation  and  computa- 
tion may  be  obtained  by  correcting  the  tables  used  (  Pulkowa  I 
not  bv  a  constant  amount  but  by  a  variable  one  represented 
in   magnitude   by   the  expression 

A  log  a  —   O.OOOIOI     [  56°  38'. 8  —  z] 

where  ~  is  the  zenith  distance. 
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THE    WATSON    ASTEROIDS. 
By  Burt  L.  Newkirk. 


(Read  at  the  meeting  of  the  Society  held  in  Berkeley  January  30,  1904.) 

James  C.  Watson  was  born  in  the  province  of  Ontario, 
Canada,  January  28,  1838.  He  graduated  at  the  University 
of  Michigan  in  1857,  and  became  Professor  of  Astronomy  and 
Director  of  the  Observatory  of  that  institution  six  years 
later.  He  was  one  of  our  most  prominent  astronomers,  hav- 
ing written  a  book  on  theoretical  astronomy  which  is  still 
very  widely  used  in  the  United  States.  He  died  in  1880,  at 
the  age  of  forty-two  years.  During  the  course  of  his  scientific 
career  he  discovered  twenty-two  asteroids,  and  at  his  death 
left  a  sum  of  money  as  an  endowment  fund,  the  income  from 
which  should  be  used  to  pay  for  certain  investigations  and 
computations  which  it  is  necessary  to  make  in  order  that  these 
asteroids   may   not   be   lost    to   the    scientific    world. 

Beside  the  well-known  greater  planets  the  Sun's  system 
contains  a  host  of  very  minute  planets  called  asteroids.  They 
revolve  about  the  Sun  in  the  space  between  the  orbits  of  Mars 
and  Jupiter.  The  first  one  of  these  to  be  discovered  was 
found  upon  the  first  night  of  the  nineteenth  century,  the 
night  of  January  1,  1801.  This  is  the  asteroid  Ceres,  and  it  is 
the  brightest,  and  presumably  the  largest,  of  the  group,  having 
a  diameter  of  600  miles.  Since  the  introduction  of  photo- 
graphic methods  in  the  search  for  these  bodies,  their  discovery 
has  been  made  comparatively  easy,  and  something  over  five 
hundred  of  them  have  already  been  found,  every  year  adding 
twenty  or  thirty  to  the  list.  At  the  time  of  Watson's  death, 
in  1880,  less  than  two  hundred  had  been  found.  The  smallest 
of  these  bodies  are  probably  nothing  more  than  great  rocks, 
ten  or  fifteen  miles  in  diameter.  Smaller  asteroids  than  these 
undoubtedly  exist,  but  are  so  excessively  faint  as  to  elude 
discovery. 

Of  all  the  planets  of  the  Sun's  system  these  asteroids  ofTer 
the  greatest  difficulties  in  the  matter  of  the  investigation  of 
their  orbits.  We  say,  roughly  speaking,  that  the  planets  move 
about  the  Sun  in  elliptical  orbits ;  but,  more  accurately  speak- 
ing, none  of  the  bodies  composing  the  Sun's  system  move  in 
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ellipses.  According  to  Newton's  law  of  gravitation,  every 
particle  of  matter  attracts  every  other  particle.  If  the  Sun 
were  attended  by  one  planet  only,  this  planet  would  move  in 
an  ellipse,  but  since  each  planet  is  attracted  not  only  by  the 
Sun,  but  also  by  all  the  other  planets,  its  path  is  a  curve  of 
corresponding  complexity.  Since  the  Sun's  attraction  is  gen- 
erally by  far  the  most  powerful  of  all  the  forces  acting  upon 
any  one  planet,  it  is  convenient  to  think  of  the  actual  orbit 
described  by  a  planet  as  a  "  disturbed  ellipse,"  as  we  express  it. 
We  picture  to  ourselves  an  ellipse  which  nearly  coincides  with 
the  actual  orbit,  and  in  which  the  planet  would  move  if  the 
attractive  forces  of  the  other  planets  should  at  some  particular 
instant  cease  to  operate.  The  departure  of  the  true  orbit 
from  this  assumed  ellipse,  due  to  the  disturbing  action  of  the 
other  planets  is  called  the  perturbation  of  the  planet  under 
consideration.  The  only  reason  for  taking  an  ellipse  as  a 
starting-point  in  the  discussion  is  one  of  convenience.  A  circle, 
which  is  a  simpler  curve  from  a  mathematical  point  of  view, 
might  answer  the  purpose  in  some  cases  better  than  an  ellipse, 
and  for  other  purposes  it  is  advantageous  to  take  as  a  starting- 
point  a  curve  of  greater  complexity.  I  refer  to  the  "  peripleg- 
matic  "  curves  used  by  Gylden,  which  represent  the  path  of  the 
planet  throughout  a  long  period  of  years  much  better  than  any 
ellipse  could,  but  seem  to  possess  no  advantages  in  tracing  the 
planet's  motion  for  a  short  period  oi  time.  It  is  a  comparative- 
ly simple  matter  to  compute  an  elliptic  orbit,  but  to  investigate 
the  deviations  from  this  orbit — i.  e.  the  perturbations  of  a 
planet — is  a  task  requiring  in  some  cases  a  tremendous  amount 
of  labor  and  study. 

The  mathematical  difficulties  of  the  problem  are  such  that 
no  general  method  can  be  employed  tor  computing  the  orbits 
of  all  the  planets.  Kach  planet  must  be  treated  with  reference 
to  the  special  difficulties  which  it  presents,  and  this  necessi- 
tates an  intelligent  and  discriminating  study  oi  the  various 
methods  used  in  investigations  of  this  nature,  their  advantages 
and  their  limitations. 

The  method  employed  in  any  particular  case  must  not  onlv 
be  mathematically  correct,  but  it  must  also  bo  capable  of  vield- 
ing  the  desired  results  with  the  required  degree  of  accuracv 
and  with  a  minimum  of  numerical  computation.     The  method 
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of  most  general  application  is  one  developed  by  Hansen,  and 
modified  by  Hill,  New  comb,  and  others.  Newer  methods 
which  possess  special  advantages  in  certain  cases  have  been 
developed  by  Gylden,  Bohlin,  and  Brendel.  These  latter 
methods  are,  however,  comparatively  untried,  and  it  has  been 
found  necessary  here  in  the  asteroid  work  at  Berkeley  to  re- 
vise Bohlin's  method  to  some  extent,  before  employing  the 
formulae  given.  Upon  opening  correspondence  with  Bohlin, 
whose  method  has  been  used  on  some  asteroids  here,  Professor 
Leuschner  found  that  Bohlin  himself  had  arrived  at  the 
same  conclusion  and  was  at  work  upon  a  revision  of  his  theory. 

In  the  case  of  the  asteroids  the  problem  presents  special 
difficulties  because  of  the  proximity  of  Jupiter,  which  is  the 
largest  planet,  and  exerts  a  very  powerful  disturbing  force. 
In  most  cases,  in  fact,  unless  a  high  degree  of  accuracy  is  re- 
quired, the  effect  of  all  the  other  planets  combined  is  a  negli- 
gible quantity  as  compared  with  the  perturbations  produced 
by  Jupiter.  Difficult  as  the  problem  is,  it  is  however  absolutely 
necessary  to  compute  the  perturbations  if  we  would  keep  the 
asteroids  from  retiring  again  into  the  oblivion  from  which 
their  discoverers  drew  them.  It  is  not  possible  to  predict  the 
motion  of  an  asteroid  ten  or  fifteen  years  in  advance  with 
sufficient  accuracy  to  permit  of  its  being  found  again  at  the  end 
of  that  time  without  serious  difficulty  unless  this  work  is  done. 

In  the  light  of  these  remarks,  Professor  Watson's  object 
in  endowing  the  twenty-two  asteroids  discovered  by  himself 
will  be  clear.  If  their  perturbations  are  not  derived,  his  as- 
teroids will  be  lost  to  the  world  in  a  few  years,  but,  thanks  to 
the  fund  he  has  bequeathed  for  this  purpose,  it  will  be  possible 
to  predict  their  motion  for  fifty  or  seventy-five  years  in  ad- 
vance with  sufficient  accuracy  to  enable  astronomers  of  the 
future  to  find  them  again  when  they  are  wanted  without 
serious  difficulty.  One  of  the  twenty-two  must  be  excepted 
from  this  statement.  The  asteroid  Aethra,  whose  original  path 
passed  close  to  that  of  Mars,  has  suffered  such  violent  pertur- 
bation that  the  form  of  its  orbit  has  been  greatly  changed,  and 
if  has  not  been  identified  since,  in  spite  of  the  diligent  search 
which  has  been  made  for  it.  The  tracing  of  the  motion  of  this 
planet  by  means  of  a  special  mathematical  discussion,  which 
will  be  an  exceedingly  difficult  matter,  is  to  be  undertaken  by 
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Miss  Hobe,  who  is  now  engaged  with  me  upon  the  perturba- 
tions of  the  other  asteroids,  under  the  direction  of  Professor 
Leuschner. 

Since  Professor  Watson's  death,  in  1880,  the  trustees 
have  been  trying  to  carry  out  the  desire  expressed  in  his  will, 
by  preparing  tables  by  means  of  which  the  motion  of  these 
asteroids  can  be  predicted  for,  say,  fifty  years  in  advance,  with 
sufficient  accuracy  to  permit  of  their  being  readily  found.  Up 
to  two  years  and  a  half  ago,  when  the  work  was  undertaken 
by  this  department,  considerable  had  been  done,  but  little 
was  ready  for  publication.  Since  that  time  the  perturbations 
of  ten  planets  have  been  computed  here  in  Berkeley,  and 
those  of  two  more  are  nearing  completion.  Five  others  are 
to  be  treated  by  Bohlin's  method,  the  work  on  these  being 
already  under  way :  the  four  remaining  asteroids  have  been 
made  the  subject  of  investigation  by  other  astronomers  in 
Europe  and  America. 

Perhaps  the  most  important  result  of  the  investigations  of 
the  orbits  of  the  Watson  asteroids  is  the  light  thrown  upon  the 
whole  subject  of  asteroid  orbits  and  the  methods  best  adapted 
to  the  various  cases  that  arise.  The  treatment  of  twenty-twro 
asteroids  yields  data  which  will  be  very  valuable  in  the  solution 
of  one  of  the  great  problems  which  now  confronts  mathematical 
astronomy, — namely,  that  of  providing-  tables  by  means  of 
which  the  position  of  any  one  of  the  known  asteroids  may  be 
found  without  excessive  labor. 

liefore  our  tables  for  rinding  the  planets  in  future  years 
can  be  finished  it  will  be  necessary  to  compare  the  results  of  our 
investigations  with  observations,  it  is  possible  by  this  means 
greatly  to  improve  the  results  of  the  numerical  work.  l;or  this 
purpose  the  photographic  telescope  and  Repsold  measuring  ap- 
paratus will  be  available.  With  the  help  of  these  instruments 
we  shall  be  able  to  observe  the  positions  of  the  asteroids,  and 
a  comparison  of  observations  with  theory  will  lead  to  a  final 
improvement  of  the  tables  before  publishing  them. 

The  Watson  trustees  have,  as  may  be  imagined  from  the 
long  time  that  has  elapsed  since  Professor  Watson's  death 
without  the  completion  of  the  task,  had  great  difficulty  in  get- 
ting the  work  done  satisfactorily.  They  have,  however,  been 
verv  well  pleased  with  the  progress  made  here  by  Drs.  Ckaw- 
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ford  and  Ross,  under  the  supervision  of  Professor  Leuschner, 
and  have  now  turned  the  whole  work  over  to  the  latter  to  be 
completed  and  prepared  for  publication.  The  work  is  being 
carried  on  under  the  auspices  of  the  National  Academy  of 
Sciences,  and  the  present  Watson  trustees  are:  Professor 
Simon  Newcomb  (chairman),  Professor  Lewis  Boss,  and 
Professor  W.  L.  Elkin.  It  is  their  intention  to  have  all  the 
results  published  in  due  time.  It  has,  however,  seemed  fitting 
upon  this  occasion  to  offer  to  those  interested  in  the  Berkeley 
Astronomical  Department  this  brief  statement  of  our  connec- 
tion with  the  undertaking. 


THE    PHOTOGRAPHIC    EQUATORIAL    OF  THE    STUDENTS' 
OBSERVATORY. 


By  Allen  F.  Gillihan. 


(Read  before  the  meeting  of  the  Society,  held  in  Berkeley,  January  30,  1904) 

It  has  been  demonstrated  by  Professors  Barnard,  Wolf, 
and  others,  that  lenses  of  the  portrait  type,  and  of  large  aper- 
ture, on  account  of  their  great  light-grasping  power,  are  very 
suitable  for  obtaining,  with  long  exposures,  photographs  of 
very  faint  stars.  Such  a  lens  has  been  in  the  possession  of 
the  Students'  Observatory  for  some  years,  but  for  lack  of  a 
suitable  mounting,  little  work  could  be  done  with  it.  From 
time  to  time,  however,  it  has  been  strapped  to  the  tube  of  the 
6-inch  equatorial,  together  with  its  wooden  camera,  but  as, 
until  recently,  the  driving  clock  of  this  instrument  did  not 
perform  well,  and  as  there  was  no  slow  motion  in  hour-angle, 
this  mounting  was  entirely  unsuitable  for  photographic  pur- 
poses. The  need  for  a  suitable  mounting  was  thus  greatly  felt, 
particularly  so  in  connection  with  the  department's  work  on  the 
Watson  asteroids,  it  being  the  intention  to  verify  by  pho- 
tographic observations  their  computed  positions  before  tables 
for  these  asteroids  are  constructed. 

Correspondence  with  various  instrument-makers  developed 
the  fact  that  a  mounting  such  as  was  desired  could  be  con- 
structed only  at  a  greater  loss  of  time  and  cost  than  seemed 
desirable.  The  department,  therefore,  decided  to  attempt 
the  construction  of  a  suitable  equatorial  mounting  here  in  Ber- 
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keley,  and  after  some  study  of  various  mountings  the  regular 
Fraunhofer  model  was  selected. 

In  designing  the  instrument  the  special  purpose  for  which 
it  was  to  be  used  was  kept  constantly  in  mind,  the  object  being 
to  construct  an  instrument  of  the  utmost  efficiency  for  photo- 
graphing with  short-focus  lenses,  with  a  powerful  and  accurate 
driving-clock,  efficient  slow  motion  in  hour-angle  to  control 
the  clock,  with  all  necessary  adjustments  to  facilitate  guiding 
in  the  dark,  and  with  simplicity  and  solidity  of  mounting.  It 
was  also  necessary  to  keep  the  cost  at  a  minimum. 

The  design  of  our  6-inch  equatorial  being  both  simple  and 
substantial,  was  used  as  a  model,  objectionable  features  being 
eliminated  and  necessary  improvements  added.  One  of  the  spe- 
cial features  of  the  photographic  equatorial  is,  that  the  frame 
has  been  made  very  compact  and  heavy,  and  in  as  few  parts 
as  possible.  The  clock  has  been  put  in  a  case  with  glass  doors, 
situated  between  the  equatorial  head  and  the  cast-iron  column, 
where  it  will  be  protected  from  dust  and  moisture.  The  case 
needs  to  be  opened  only  to  regulate  the  pendulum  or  to  oil 
the  clock,  but  not  to  wind  it.  The  starting  and  stopping 
mechanism  is  controlled  from  the  outside  of  the  case  by  means 
of  a  button  on  the  north  side  of  the  pier.  Considerable  ex- 
pense was  saved  by  using  commercial  gear-wheels  in  the  clock. 
The  teeth  of  these  wheels  appear  to  be  very  evenly  spaced,  but 
the  central  hole  in  each  wheel  had  to  be  recut.  as  every  one  was 
eccentric. 

The  governor  is  Vor.xc's  double  pendulum,  which  is  much 
used  in  modern  instruments  on  account  oi  its  sensitiveness, 
even  action,  and,  freedom  from  variations  due  to  changes  in 
temperature  or  to  moisture.  An  important  feature  in  the  clock 
is.  that  it  requires  about  forty-five  to  fifty  pounds'  weight  on 
the  drum  to  make  the  governor  revolve  at  the  proper  speed 
when  it  is  not  connected  with  the  instrument;  while  with  the 
governor  removed  and  the  clock  connected  with  the  instru- 
ment, it  requires  only  about  i\w  or  six  pounds  to  drive  the 
instrument;  that  is.  the  ratio  of  the  weight  required  to  drive 
the  governor  to  the  weight  required  to  drive  the  instrument  i< 
about  as  seven  or  eight  to  one.  When,  therefore,  an  extra 
camera  or  other  weight  is  added  to  the  instrument,  it  will  make 
very  little,  if  any,  difference  in  the  speed  of  the  governor.     The 
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clock  is  provided  with  maintaining  power,  and  under  the  pres- 
ent arrangement  will  run  for  over  three  hours  with  one 
winding. 

Another  important  part  is  the  worm  and  worm-wheel, 
which  were  cut  in  the  Mechanical  Department  of  the  Univer- 
sity, the  worm-wheel  having  480  teeth,  and  the  worm  revolving 
once  in  three  minutes.  Mr.  G.  W.  Ritchie,  in  the  Astrophys- 
ical  Journal  for  November,  1901,  in  describing  the  photo- 
graphic reflector  constructed  at  the  Yerkes  Observatory,  stated 
that  after  the  instrument  was  assembled  the  worm  and  worm- 
wheel  were  ground  together  with  emery  flour  and  oil  for  a 
period  of  200  hours,  and  afterwards  polished.  To  this  he 
ascribes  the  smooth  running  of  the  instrument.  In  our  in- 
strument the  worm  was  connected  by  pulleys  and  belting 
directly  with  the  driving-shaft  in  the  workshop  in  such  a  way 
that  when  the  shaft  was  revolving  the  worm-wheel,  which 
under  the  influence  of  the  driving-clock  would  revolve  once 
in  twenty- four  hours,  was  made  to  revolve  in  forty-five  seconds. 
The  wheel  and  worm  were  ground  together,  using  emery  flour 
and  oil,  for  nearly  thirty-three  hours,  making  over  2,600  revo- 
lutions of  the  worm-wheel,  which  at  ordinary  speed  would  be 
equal  to  about  seven  years'  continuous  running.  The  oil  and 
emery  were  then  removed,  and  the  wheel  and  worm  were  pol- 
ished, running  at  the  same  speed,  using  oil  and  rouge,  for  over 
four  hours,  which  is  equivalent  to  340  turns,  or  nearly  one 
year,  of  continuous  running.  In  this  way  any  irregularities 
were  ground  out,  and  the  worm  was  firmly  seated  in  the  worm- 
wheel,  where  it  is  held  in  close  contact  by  means  of  a  strong 
adjustable  steel  spring. 

The  slow  motion  in  hour-angle  is  introduced  between  the 
driving-clock  and  the  worm.  It  is  a  differential  gear  or  mouse 
control  worked  by  an  endless  cord  in  the  hand  of  the  observer. 
Tangent-screw  hour-angle  slow  motion  brought  to  the  eye-end 
of  the  instrument  by  gears  is  expensive,  and  besides  has  lim- 
ited range;  the  observer  is  very  liable  to  jar  the  instrument 
in  moving  the  handle.  None  of  these  disadvantages  prevail 
with  the  mouse  control ;  while  guiding  the  observer  need  not 
touch  the  instrument,  except  in  case  of  a  comet  moving  rapidly 
in  declination.  In  this  event,  however,  very  accurate  driving 
is  not  essential. 
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Clamp  in  hour-angle,  clamp  and  slow  motion  in  declination, 
are  brought  to  the  eye-end  as  in  other  instruments.  Both  slow 
motions  are  made  particularly  delicate,  for  use  with  a  high- 
power  eye-piece.  Four  feet  six  inches  of  the  hour-angle  slow- 
motion  cord  moves  the  instrument  through  one  minute  of  time, 
and  one  turn  of  the  declination  slow-motion  handle  corre- 
sponds to  four  minutes  in  declination. 

The  declination-sleeve  has  been  made  unusually  long,  and 
with  the  circle  partly  counterbalances  the  telescope  and  cam- 
eras. The  circles  have  white  figures  on  black  background, 
being  easier  to  read  in  the  dark  than  black  figures  on  a  white 
ground.  The  declination-circle  is  graduated  to  30'  and  reads 
by  verniers  to  2'.  The  hour-circle  is  graduated  to  4m  and  reads 
by  verniers  to  208.  These  graduations  are  fine  enough  for  set- 
ting purposes. 

A  flat  iron  bed-plate  1  ft.  x  2  ft.  takes  the  place  of  the  usual 
saddle  on  the  end  of  the  declination -axis  to  which  the  telescope 
is  fastened.  On  it  a  wooden  platform  2  ft.  x  3  ft.  is  firmly  fas- 
tened. The  guiding  telescope,  a  3j4-inch  Mogey  refractor,  is 
fastened  to  one  side  of  the  under  surface  of  this  wooden  plat- 
form, and  a  balance  weight  is  fastened  to  the  other  side.  This 
leaves  the  upper  surface  free  for  screwing  on  one  or  more 
cameras.  This  platform  is  a  temporary  expedient  for  the  pur- 
pose of  testing  various  cameras;  later  the  cameras  will  he 
fastened  directly  to  the  bed-plate. 

The  polar-axis  bearings  are  conical,  and  the  weight  is 
taken  off  the  upper  bearing  by  a  pair  of  counter  friction-wheels 
suspended  in  a  frame-work  which  is  pulled  up  bv  a  strong 
adjustable  steel  spring.  The  end-thrust  of  the  polar  axis  is 
taken  up  by  an  adjustable  ball-bearing  at  the  lower  end.  All 
those  parts  of  the  instrument  that  may  wear  or  work  loose 
are  adjustable,  so  that  lost  motion  may  always  be  prevented. 
For  example,  in  the  declination  slow  motion  provision  is  made 
for  taking  up  lost  motion  in  three  directions,  so  that  this  very 
important  adjustment  can  never  wear  loose. 

A  few  wonF  regarding  the  photographic  lens:  it  is  a 
C.  ('.  Harrison  portrait  combination  of  about  5 '  _>  inches  aper- 
ture and  about  22  inches  equivalent  focus.  The  camera  car- 
ries a  (iJjnS'j  plate,  but  the  field  of  view,  where  the  star 
disks  are  quite  sharp.  i>>  limited  to  about   10  centimeters  square. 
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or  about  ioc  square.  An  exposure  of  about  twenty  minutes 
on  a  good  night  will  give  impressions  of  stars  of  about  nth  or 
1 2th  magnitude  and  good  measurable  images  of  10th  magni- 
tude stars.  As  an  example  of  the  work  possible  with  this 
lens,  on  December  29,  1902,  with  the  camera  strapped  on  the 
6-inch  equatorial,  an  exposure  was  made  for  ih  13111  of  the 
region  around  asteroid  (385)  10.1  magnitude,  and  a  distinct 
trail  was  found  very  near  the  computed  position  of  the  asteroid. 

A  description  of  the  photographic  equatorial  would  not 
be  complete  without  mentioning  those  connected  with  its  con- 
struction. The  heavy  castings  and  their  patterns  wrere  made 
by  the  California  School  of  Mechanical  Arts;  the  heavy  ma- 
chine work  is  by  the  J.  A.  Gray  Machine  Co. ;  the  composi- 
tion castings  are  by  the  Eureka  Foundry ;  and  the  circles  were 
graduated  by  the  A.  Lietz  Co. ;  all  of  San  Francisco.  All 
other  parts  of  the  instrument  were  constructed  by  Mr.  Valde- 
mar  Arntzen,  of  the  Department  of  Civil  Engineering.  He 
has  done  all  of  the  finer  instrumental  work,  and  also  helped 
in  solving  several  knotty  problems  in  the  designing. 

Xo  work  has  been  done  as  yet  with  this  instrument ;  but 
it  is  hoped  that  it  will  be  possible  in  the  near  future  to  present 
to  the  Society  a  satisfactory  report  of  its  work. 


A    FEW   DETAILS   OF   THE   TWELVE-YEAR 
SUN-SPOT  CYCLE. 

By  Rose  O'Halloran. 


Though  regularity  in  the  increase  and  decline  of  solar  ac- 
tivity first  led  to  a  recognition  of  sun-spot  periods,  still  each 
cycle  of  change  has  its  individual  traits,  tendencies,  and  occa- 
sional discrepancies.  The  cause  of  periodicity  being  entirely 
unknown,  such  details  are  of  interest,  as  they  may  be  more 
than  unimportant  casualties.  The  following  brief  summary 
of  observations  from  November  1,  1891,  to  November  1,  1903, 
contains  some  of  the  characteristics  of  the  prolonged  cycle  that 
occurred  between  these  dates.  According  to  Professor 
Wolfer's  revision  of  sun-spot  data,  a  marked  minimum  took 
place  early  in  1890.     This  extreme  stage  of  unspottedness  did 
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not  recur  until  the  summer  of  1902 ;  while  the  last  maximum, 
which  showed  its  approach  towards  the  end  of  1891,  had  its 
corresponding  stage  only  in  October  of  1903,  so  that,  dating 
the  cycle  either  from  the  extremes  of  minima  or  from  incom- 
ing maxima,  its  duration  was  beyond  the  average  period  of 
eleven  and  one  tenth  years. 

As  I  used  a  Brashear  refractor  four  inches  in  aperture,  only 
very  small  faint  spots  were  undiscernible  in  clear  weather. 
When  visiting  the  line  of  totality  of  the  eclipse  of  1900  an 
interruption  of  some  length  occurred,  but  it  makes  little  change 
in  the  outline  of  decreased  spottedness,  as  the  minimum  was 
far  advanced.  One  aim  of  these  observations  has  been  to 
note  the  number  of  times  that  the  photospheric  whiteness  of 
the  disk  has  been  noticeably  invaded.  A  discolored  area, 
whether  stained  by  one  spot  or  by  many,  is  classed  as  one  dis- 
turbance when  the  sprinkling  does  not  extend  beyond  twenty- 
five  degrees  of  the  Sun's  surface,  which,  being  about  the  limit 
of  the  largest  spots,  gives  some  clew  as  to  the  probable  range 
of  a  single  eruption.  This  method,  though  giving  a  far  less 
numerical  result  than  if  each  fragment  of  a  discoloration  were 
counted,  avoids  including  any  spot  more  than  once. 

From  November  1,  1891,  to  the  same  date  of  1903,  the 
Sun  was  observed  and  the  results  recorded  on  2.982  days.  and. 
according  to  the  method  adopted,  811  spotted  areas  were  >een 
on  the  disk  during  that  time.  Two  thirds  of  the  disturbances 
occurred  within  the  first  five  years,  the  remainder  being  di>- 
tributed  over  the  ensuing  years  with  decreasing  frequency 
until  September,  1902,  when  a  slight  but  distinct  increase  of 
activity  set  in.  Of  the  entire  number,  about  forty  sufficiently 
conspicuous  to  be  visible  under  favorable  conditions  without 
magnifying  power  may  be  classed  as  large;  and  formations 
which,  from  depth  of  hue  combined  with  enormous  extent, 
were  distinctly  visible  to  the  world  at  large  crossed  the  di>k 
on  four  notable  occasions.  The  first,  one  of  the  greatest  on 
record.  150.000  miles  in  length  and  75,000  in  breadth,  was 
fully  inside  the  southeast  limb  on  the  4th  of  February,  1892, 
and  with  many  changes  and  divisions  continued  in  view  until 
the  17th.  The  second,  when  central  in  the  southern  hemis- 
phere, on  the  nth  and  7th  of  August.  1893,  was  nearlv  loo.noo 
miles   in   length,   and    with    much    stabilitv   of   color  and    form 
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crossed  the  disk  among  a  dozen  smaller  eruptions  sprinkled 
over  the  spot  zones.  The  third,  with  compact  umbra  and 
enormous  penumbra,  tinged  the  southerly  tracts  from  the  2d 
to  the  15th  of  September,  1898.  In  one  respect  it  was  the 
most  remarkable  spot  of  the  cycle.  The  maximum  climax  was 
five  years  past,  the  minimum  was  approaching,  when  some 
irresistible  counter  force  shattered  the  law  of  quietude  over  an 
area  140,000  miles  in  length.  The  same  hemisphere  was  also 
the  background  of  the  interesting  group  of  last  October.  With 
diversified  phases,  it  lingered  from  the  5th  to  the  17th  of  the 
month,  and,  though  unequal  to  the  first  and  third  in  extent, 
it  far  surpassed  any  sun-storm  within  the  previous  five  years. 
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Great  Sun-Spot,  August  7,  1893. 

There  is  good  evidence  that  many  of  the  large  spots  were 
of  long  duration,  and  came  to  view  by  rotation  more  than 
once,  but  change  of  form  and  of  position  renders  complete 
identification  impossible.  As  in  the  previous  cycle,  from  1879 
to  1890.  the  northern  zones  were  more  quiescent  on  the  whole 
than  the  southern,  but  the  distribution  was  less  unequal,  being 
in  the  proportion  of  about  seven  to  ten.  This  estimate  was 
deduced  from  567  disturbances  distinctly  beyond  equatorial 
zones,  as  without  accurate  instruments  for  the  measurement  of 
heliographic  latitude  perspective  effects  are  misleading  at  cer- 
tain seasons. 

During  the  years  of  maximum,  spots  frequently  appeared 
in  latitudes  far  from  the  equator,  but  from  1897  to  1901  more 
central  zones  were  chiefly  the  scene  of  the  diminishing  activity, 
while  later  a  scattering  of  forces  was  resumed,  which  is  often 
a  symptom  of  returning  maxima. 
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In  May,  1894,  three  fourths  of  the  solar  circumference  was 
strewn  with  spots  of  average  size  from  about  twenty  to  thirty 
degrees  apart ;  and  lesser  displays  of  streaminess  were  also 
noticeable  three  times  in  1895.  once  in  1896,  and  again  in  1898. 

As  M.  Fa  ye,  the  French  scientist,  considers  sun-spots  to  be 
vortical  formations,  a  whirling  tendency  is  a  detail  of  interest, 
especially  when  contrary  to  the  hands  of  a  watch  in  the  south- 
ern hemisphere  of  the  Sun,  and  the  reverse  in  the  northern. 
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March  29th.  April  1st.  April  4th. 

Cyclonic  Sun-Spot,  1899. 

Such  cyclonic  motions  were  detected  in  January,  1892,  in  April, 

1899,  and  also  less  conspicuously  on  several  other  occasions. 

On  August  25,  1894,  the  disk  was  freer  from  discolorations 

than  on  any  day  when  observed  during  the  previous  two  years 

and  ten  months,  which  included  630  observations.  From  this 
time  forward  an  unblemished  photosphere  was  more  frcquentlv 
seen.  and  days,  weeks,  and  finally  months  of  undisturbed 
whiteness  announced  that  maximum  had  gradually  given  place 
to  minimum.  Fightv-six  days  of  unspottedness  were  dis- 
tributed throughout  1001.  and  147  days  throughout  i<joj.  In 
the  latter  year,  from  June  <>th  to  September  11th.  when  an  un- 
spotted disk  was  viewed  on  <;i  days,  the  extreme  stage  nf 
minimum  seems  to  have  occurred.  After  a  week  of  clond\ 
weather  two  spots  appeared  on  the  loth  of  September,  and 
thenceforth  a  slight  increase  of  spottedness  was  evident  until 
October,    1003.  when  the  present   maximum  commenced. 

Shadings  in  the  granulated  solar  surface,  often  noticeable 
with  a  high  power  on  clear  days,  have  bem  ignored  in  this 
summary  of  observations. 

San  Francisco,  Cai.. 


Astronomical  Society  of  the  Pacific.  97 

THE  SUPPORTING  AND  COUNTERWEIGHTING  OF 

THE  PRINCIPAL  AXES  OF  LARGE 

TELESCOPES.* 


By  C.  D.  Perrine. 


In  a  telescope  whose  moving  parts  weigh  several  tons  it 
is  desirable  to  reduce  the  friction  in  the  bearings  as  much 
as  possible.  This  is  particularly  true  in  the  case  of  the  polar 
axis,  which  must  be  driven  by  a  clock  at  a  very  regular  rate. 

The  practice  has  been  to  have  the  axis  revolve  in  fixed 
boxes,  usually  lined  with  Babbitt  metal,  and  to  relieve  the 
greater  part  of  the  pressure  by  a  system  of  friction-wheels 
which  are  pressed  upward  against  the  axis,  near  the  bearing, 
by  suitable  weights  and  levers.  This  is  in  effect  transferring 
the  pressure  to  smaller  surfaces  having  slower  motions.  In 
some  cases  a  ring  of  rolls  has  been  used  in  connection  with 
levers  and  weights.  These  systems  have  reduced  the  friction 
materially. 

In  designing  the  driving-clock  of  the  new  mounting  for 
the  Crossley  reflector  of  the  Lick  Observatory  I  used  a  simple 
form  of  roller-bearing  for  the  drum-shaft  and  the  next  two 
shafts  in  the  train.  This  form  of  bearing  was  not  adopted 
until  after  an  experimental  trial,  which  resulted  most  satis- 
factorily. The  admirable  performance  of  these  bearings  has 
suggested  the  suitability  of  this  principle  for  the  axes  of  large 
telescopes,  particularly  the  polar  axes.f  Such  bearings  would 
do  away  with  the  necessity  of  any  auxiliary  system  of  counter- 
weights, and  I  have  reason  to  believe  that,  with  proper  con- 
struction, the  friction  would  be  less  than  with  the  best  of 
the  counterweighted  systems.  As  to  their  accuracy  and  free- 
dom from  play,  there  should  be  no  difficulty,  judging  from 
those  already  tried.  These  fit  closely,  there  is  no  looseness 
whatever,  and  the  shaft  turns  with  perfect  ease  and  smoothness. 

The  construction  is  simple.  There  is  no  frame  to  hold  the 
rolls  in  fixed  relative  positions.     The  rolls  are  placed  in  the 


*  Read  before  Section  A  of  the  American  Association  for  the  Advancement  of  Sci- 
ence at  the  St.  Louis  meeting.  December  28,  1903. 

f  It  was  not  possible  to  adopt  this  system  in  the  new  telescope-mounting,  as  the  heavy 
parts  had  already  been  constructed. 
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bearing  and  are  kept  from  falling  out  by  plates  fastened  to 
the  body  of  the  bearing.  The  rolls  should  fit  snugly,  but  not 
so  closely  as  to  introduce  appreciable  friction  between  the  ele- 
ments of  their  surfaces  which  are  in  contact.  The  ends  of  the 
rolls  should  be  beveled  slightly,  away  from  the  center,  leaving 
only  a  small  surface  or  knob  to  come  into  contact  with  the  plate. 
The  rolls  should  be  of  steel,  hardened  and  ground  accurately 
round  and  to  uniform  diameters.  The  shaft  should  of  course 
be  of  steel,  accurately  turned  and  ground.  The  bearing  should 
be  lined  with  a  shell  of  steel  to  form  the  other  rolling  surface, 
although  close-grained  cast-iron  makes  a  very  good  surface. 

The  dimensions  of  the  shaft  and  rolls  should  be  such  that 
there  will  be  not  less  than  fifteen  of  the  latter,  thus  always 
having  several  rolls  which  are  taking  the  weight.  There  will 
then  be  less  tendency  for  the  rolls  to  jam  or  the  shaft  to  settle 
between  two  of  them.  The  latter  condition  would  be  fatal  to 
the  working  of  the  system.  If  the  rolls  were  long,  it  is  probable 
that  they  would  work  more  smoothly  if  cut  into  sections. 

There  is  perhaps  no  more  satisfactory  way  of  taking  the 
thrust  of  a  large  polar  axis  than  that  in  common  use — a  bal- 
anced plate  and  one  or  two  rings  of  balls. 

When  the  parts  which  move  in  declination  weigh  not  over 
four  or  five  tons,  the  declination-axis  performs  very  well  with 
P.abbitted  bearings,  the  thrust  being  taken  by  steel  shoulders 
and  collars  working  against  liabbitt.  Such  axes  would,  how- 
ever. m<>ve  much  more  easily  with  rolls,  and  balls  to  take  the 
thrust.  \\\  large  instruments  a  reduction  of  the  friction  of  this 
axis  is  necessary. 

The  system  of  roller-bearings  here  suggested  would  be 
fully  as  efficient  in  the  case  of  a  large  overhang  of  the  polar 
axis  as  in  the  ordinary  form  of  mounting. 

If  the  p«»lar  axis  is  supported  on  two  separate  piers,  the 
bearings  are  entirely  independent  of  each  other,  and  some 
moans  ^\  aligning  the  bearings  must  be  provided.  It  has 
usually  been  the  custom  in  such  cases  to  make  the  hearing  in 
two  parts:  a  lower  section  with  a  broad  base,  and  the  usual 
cap.  \\\  providing  the  lower  half  with  screws  for  leveling 
and  for  lateral  adjustment  the  necessary  alignment  can  be 
secured.  It  is,  however,  an  advantage  to  have  the  bearings 
self-aligning.     This  can  be  accomplished  by  making  the  lower 
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half  of  the  bearings  in  two  parts  which  fit  together  on  cylin- 
drical surfaces,  the  axis  of  these  cylindrical  surfaces  being  at 
right  angles  to  the  polar  axis  and  passing  through  the  center 
of  the  bearing.  Lugs  and  holding-bolts  serve  to  keep  the 
two  portions  together.  This  device  allows  the  bearings  to 
adjust  themselves,  in  altitude,  to  the  polar  axis.  The  adjust- 
ment of  the  bearings  to  the  axis  in  azimuth  can  be  accomplished 
by  having  a  stout  pin  on  the  under  side  of  the  lowest  section 
of  the  bearing,  which  turns  in  the  base-plate.  Such  a  system 
would  make  the  bearing  a  universal  joint  through  small  arcs, 
and  wholly  self-aligning.  Bolts  for  holding  the  bearing  to  the 
pier  should  of  course  be  provided. 

The  bearing  at  the  lower  end  of  the  polar  axis  can  be 
made  to  take  the  thrust  and  at  the  same  time  be  wholly  self- 
aligning.  This  may  be  done  by  extending  the  cylindrical 
portions  upward  around  the  end  of  the  axis  so  as  to  contain 
the  line  of  thrust. 

When  both  ends  of  the  axis  are  supported  from  the  same 
base-casting,  the  bearings  are  usually  fixed.  Even  in  that 
case  there  would  probably  be  some  advantage  in  using  self- 
aligning  bearings. 

While  the  subject  of  this  paper  properly  belongs  to  a 
different  Section  of  the  Association,  it  is  perhaps  of  special 
interest  to  astronomers. 

Mt.  Hamilton,  California,  November  30,  1903. 


PLANETARY  PHENOMENA  FOR  MAY  AND  JUNE, 

1904. 

By  Malcolm  McNeill. 


PHASES  OF  THE  MOON,  PACIFIC  TIME. 


Last  Quarter,  May    7,  3*  50™  a.m. 

New  Moon,         "     15,  2  58   a.m. 

First  Quarter,     "     22,  2  19   a.m. 

Full  Moon,          "     29,  12  55   a.m. 


Last  Quarter,  June  5,  9h  53™  p.m. 
New  Moon,  "  13,  1  10  p.m. 
First  Quarter,  **  20,  7  11  a.m. 
Full  Moon,  "    27,  12   23   p.m. 


The  Sun  reaches  the  solstice  and  summer  begins  on  June 
2 1  st  at  about  1   p.m..  Pacific  time. 

Mercury  on  May  1st  is  an  evening  star,  setting  about  an 
hour  and  one  half  after  sunset.    It  passed  greatest  east  elonga- 
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tion  on  April  21st,  and  is  drawing  nearer  to  the  Sun,  so  that 
it  can  be  seen  for  only  a  few  days  at  the  beginning  of  the 
month.  It  passes  inferior  conjunction  on  the  morning  of 
May  13th,  becoming  a  morning  star,  and  moves  rapidly  away 
from  the  Sun,  reaching  greatest  west  elongation  on  June  8th. 
Its  distance  from  the  Sun  is  then  23 °  46',  but  it  is  9 °  south  of 
the  Sun,  and  therefore  the  interval  between  the  rising  of  the 
planet  and  of  the  Sun  is  not  as  great  as  it  is  at  some  greatest 
elongations.  However,  during  all  except  the  last  fewr  days  of 
the  month  Mercury  rises  an  hour  or  more  before  the  Sun,  and 
may  be  seen  in  the  morning  twilight  if  weather  conditions  are 
favorable.  It  is  in  close  conjunction  with  Mars  on  May  9th, 
o°  21'  north,  and  with  Venus  on  May  22d,  i°  53'  south,  but 
both  conjunctions  occur  when  the  planets  are  rather  too  near 
the  Sun  to  be  made  out  without  a  telescope. 

Venus  is  still  a  morning  star,  but  is  gradually  drawing 
too  near  the  Sun  to  be  conspicuous.  On  May  1st  it  rises  only 
forty  minutes  before  sunrise,  on  June  1st  only  thirty-two 
minutes  before,  and  on  June  30th  only  eleven  minutes  before. 
It  will  be  a  very  difficult  matter  to  see  Venus  without  a  tele- 
scope after  June  1st.  It  will  pass  conjunction  and  become  an 
evening  star  during  the  night  of  July  /-8th.  Venus  and  Mars 
are  in  conjunction  at  about  midnight  on  June  1 8th,  the  termer 
beini;  o  35'  north,  but.  like  the  Mercury  conjunctions,  tin- 
planets  are  too  near  the  Sun   for  easy  view. 

Mars  is  too  near  the  Sun  throughout  the  two-months  period 
for  naked-eye  observations.  At  the  be^innine;  of  May  it  is  an 
evening  star,  setting  only  a  little  more  than  a  half-hour  after 
sunset.  It  passes  conjunction  with  the  Sun  on  May  30th  and 
becomes  a  morning  star.  At  the  end  of  June  it  rises  ab<  .in 
fortv  minutes  before  sunrise.  It  will,  however,  scarcelv  be 
possible  for  it  to  be  seen  without  a  telescope,  as  it  is  at  the 
same  time  at  its  maximum  distance  from  the  Farth  for  this 
revolution  (238,000.000  miles),  and  consequently  at  its  least 
bri^htne-s.  For  a  year  more,  until  it  cnu's  to  its  next  oppo- 
sition in  KJ05.  it  will  gradually  jjr<  »\v  brighter,  but  it  will  not 
be  at  all  conspicuous  during  the  rest  of  11)04. 

Jupiter  passed  conjunction  with  the  Sun  at  the  end  of 
March,  and  bv  May  1st  rises  about  an  hour  before  sunrise. 
The  interval  increases,  so  that  at  the  end  of  June  it  rise-  half 
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an  hour  after  midnight.  Its  brightness  is  so  great  that  it  may 
be  made  out  at  the  beginning  of  the  two-months  period.  Dur- 
ing May  and  June  it  moves  n°  eastward  and  40  northward 
in  the  eastern  part  of  the  constellation  Pisces,  rather  a  barren 
region  of  the  sky. 

Saturn  is  gradually  moving  around  to  a  more  convenient 
position  for  observation.  It  rises  a  little  before  2  a.m.  on  May 
1st,  at  about  midnight  on  June  1st,  and  before  10  p.m.  on 
June  30th.  It  is  in  the  constellation  Capricorn,  and  moves 
about  i°  eastward  until  June  1st,  and  then  begins  to  retro- 
grade, reaching  a  position  at  the  end  of  June  almost  the  same 
as  it  had  on  May  1st. 

Uranus  is  now  getting  into  position  for  evening  observa- 
tion, rising  before  11  p.m.  on  May  1st  and  at  about  half-past 
6  on  June  30th.  It  is  in  opposition  on  June  19th,  and  is  then 
above  the  horizon  throughout  the  night.  It  retrogrades  or 
moves  westward  about  20,  and  is  in  the  western  part  of 
Sagittarius,  a  little  north  and  west  of  the  group  known  as 
"the  milk-dipper/' 

Neptune  is  in  the  western  sky  in  the  evening,  in  the  con- 
stellation Gemini.  It  reaches  conjunction  with  the  Sun  on 
June  27th.  v 


VARIABLE    STARS. 


By  Rose  O'Halloran. 


V  Cassiopeia:. 

1903.  Eleven  observations,  distributed  between  the  17th 
of  August  and  the  14th  of  September,  showed  that  in  a  4-inch 
lens  this  variable  was  on  the  verge  of  invisibility,  which  is 
generally  the  stage  of  12th  magnitude.  Fainter  stars  are  un- 
ci iscernible  except  on  very  clear,  calm  nights.  September  16 — 
Much  more  distinct.  October  12 — Between  9th  and  10th  mag- 
nitude, and  distinctly  brighter  than  the  star  just  adjacent  to  it. 

Y  Cassiopeice. 

The  last  maximum  of  this  star  was  observed  as  follows : — 
1903.  August  2j  —  Scarcely  of  nth  magnitude,  but  dis- 
tinctly seen  below  b,  classed  as  10.2.  August  31,  September 
2,  8,  9 — Ditto.     September  13 — Nearly  equal  to  b.    September 
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16 — Fully  equal  to  b.  September  29 — About  9.7 ;  brighter  than 
b;  equal  to  m  and  n.  October  28 — Brighter  than  b  or  d;  equal 
to  m  and  «.     November  6 — Equal  to  b. 

W  Cassiopeia1. 

1903.  June  24,  26,  29,  30;  July  1,  2.  3,  6,  13,  19 — About 
10th  magnitude.  July  23 — Declined  to  10.3  magnitude.  July 
31 — 10.6  magnitude.  August  16,  23 — nth  magnitude.  August 
29,  September  2 — 11.3  magnitude.  September  g-f  14 — Not 
discernible  in  haze.  September  16 — 12th  magnitude.  Septem- 
ber 29,  October  18,  November  6 — Invisible. 

In  the  Companion  to  the  Observatory  the  minimum  was 
predicted  for  October  18th.  On  this  occasion  it  was  probably 
fainter  than  12th  magnitude. 

W  Lyrce. 
The  last  maximum  occurred  more  than  a  month  in  advance 
of  the  predicted  date,  October  30th,  as  follows: — 

1903.  July  6 — Not  visible  with  high  power  in  clear  moon- 
light. July  n — Scarcely  as  bright  as  12th  magnitude,  but 
distinct  in  high  power.  July  24,  25 — Of  11.5  magnitude;  fully 
equal  to  t.  August  2,  5 — Equal  to  p,  of  9.4  magnitude.  August 
22 — Of  8.7  magnitude;  between  c  and  a.  September  6 — Of 
8.1  magnitude;  brighter  than  a,  equal  to  ;/.  September  23 — 
About  two  tenths  brighter  than  //.  October  5 — In  moonlight 
//'.  (7,  and  ;/  seem  equal.  October  13 — The  variable  seems  two 
tenths  dimmer  than  ;/.  (  )ctober  18 — Scarcely  of  9th  magni- 
tude ;  between  a  and  p,  but  nearer  to  latter.  November  1  — 
Equal   to  p.      December   23 — Scarcely   of    12th   magnitude. 

1904.  January  5 — Xot  visible;  morning  clear.  January 
20 — Ditto;  probably  less  than   12th  magnitude. 

A'  Cygni. 
1903.     From  June  25th  to  August  29th  R  Cygiii  was  looked 
for   in    vain,   but   on   October    1  Sth   was   seen   to   be   about   S.5 
magnitude.     November  1 — Of  9th  magnitude. 

5  N  Cygni. 
1903.  Two  maxima  of  S  S  Cygiii  were  observed  between 
July  2ky\  and  September  14th.  July  2^,  9.25  p.m. —  P.rigluer 
than  (/  or  c;  less  than  b.  July  24.  9  p.m. —  Nearer  to  /».  July 
2^,  9.15  p.m. —  Het ween  c  and  b;  nearer  to  c.  July  30.  S.40 
p.m. — Nearlv   equal   to   b;   much    brighter   than    c;   night    dim. 
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August  1,  8.40  p.m. — Not  so  near  b,  but  brighter  than  c. 
August  2,  8.35  p.m. — Decreased,  but  still  brighter  than  c. 
August  5,  8.30  p.m. — Less  than  b,  c,  or  a,  but  brighter  than 
d.  August  16,  17,  23,  29,  31  ;  September  2,  8 — No  longer 
identifiable  among  the  stars  of  12th  magnitude  near  its  place. 
September  9,  7.45  p.m. — Less  than  b;  equal  to  a  and  c,  which 
look  alike  to-night.  September  13,  8  p.m. — Two  tenths  bright- 
er than  a.  September  14,  7.50  p.m. — Still  brighter  than  a 
or  c.     This  constellation  was  lost  to  view  after  this  date. 

X  Aquilce. 
1903.  From  June  25th  to  November  1st  this  variable  was 
looked  for  on  twenty-four  clear  evenings,  but  the  faintest  glim- 
mer was  undiscernible  within  some  minutes  of  the  place  it 
occupies  when  visible.  August  17th,  the  date  of  predicted 
minimum,  was  included.  It  was  probably  fainter  than  12th 
magnitude. 

R  Tauri. 

1903.  December  8 — Of  12th  magnitude.  December  22 — 
11.5  magnitude.    December  25,  26 — 10.5  magnitude. 

1904.  January  4 — About  8.5  magnitude.  January  6 — Of 
fully  8th  magnitude.  January  1 1 — About  7.7  magnitude.  Jan- 
uary 14 — Seems  slightly  decreased.  January  17 — Of  8th  mag- 
nitude. January  20 — Rather  brighter  than  8th  magnitude. 
January  22 — Slightly  decreased.  January  23 — Further  de- 
creased; scarcely  of  8th  magnitude.  The  previous  maximum 
occurred  in  March,  1903. 


(FORTY-SIXTH)    AWARD  OF  THE  DONOHOE 
COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  M.  Borrelly,  astronomer,  Marseilles, 
France,  for  his  discovery  of  an  unexpected  comet  on  June  21, 

1903. 

The  Committee  on  the  Comet-Medal: 

W.  W.  Campbell, 
Chas.  Burckhalter, 
Wm.  M.  Pierson. 


REPORTS  OF   OBSERVATORIES. 


Manuscript  intended  for  this  department  should  be  sent  to  Frank  Schlesingbr,  Yerkes 
Observatory,  Williams  Bay,  Wis. 


NAVAL   OBSERVATORY,    WASHINGTON,   D.    C. 

During  the  year  1903  the  following  changes  have  taken 
place  in  the  personnel: — 

Mr.  T.  I.  King,  assistant  astronomer,  was  transferred  to 
the  Nautical  Almanac  Department  December  1st,  at  which 
date  Mr.  J.  C.  Hammond  was  promoted  to  fill  the  vacancy 
thus  caused. 

The  instruments  have  been  used  as  follows: — 

The  6-inch  transit-circle  was  devoted  to  the  routine  obser- 
vations of  the  Sun,  Moon,  and  planets  up  to  September  4th, 
when  the  work  was  transferred  to  the  9-inch  transit-circle, 
thus  permitting  the  consideration  of  certain  changes  and  addi- 
tions to  the  instrument. 

The  9-inch  transit-circle,  after  the  completion  of  extensive 
repairs  and  improvements,  was  put  into  commission  September 
3,  1903,  and  has  since  been  used  for  the  fundamental  deter- 
mination of  the  Right  Ascension  and  Declination  of  the  Sun, 
Moon,  planets,  and  the  stars  of  \i-;\\  comp.'s  Fundamental 
Catalogue.  (.  I  ill's  Zodiacal  Catalogue,  and  the  Zodiacal  Cata- 
logue of  the  L\  S.  Nautical  Almanac  (  )ffice,  now  in  press. 

A  new  clock  by  Rilfllk.  of  Munich,  in  an  air-ti^ht  £la>> 
case,  with  nickel-steel  pendulum  and  electrical  winding.  \\a> 
installed  September  1st,  and  has  been  used  since  that  date 
as  the  standard  sidereal  clock. 

The  prime  vertical  transit-instrument  has  been  devoted  to 
continuing  observations  for  the  determination  of  aberration, 
nutation,  and  variation  of  latitude  and  to  the  determination 
of  the  declinations  of  3^0  miscellaneous  stars. 

The  altazimuth  instrument  has  been  devoted  to  a  determi- 
nation of  the  latitude  of  the  observatory  and  the  declinations 
of  350  standard  stars. 

Photographs  of  the  Sun  have  been  obtained  with  the 
photohclior.-raph  on  every  clear  day. 

The    equatorials    have    been    devoted    to    measurements    of 
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the  diameters  of  the  planets,  and  to  the  observations  of  the 
satellites,  asteroids,  comets,  and  occupations.  Photography 
has  been  used  in  detecting  the  location  of  most  of  the  asteroids 
which  have  been  observed. 

During  the  year  1903  the  following  volumes  have  been 
published:  Volume  III,  Publications  of  the  U.  S.  Naval  Ob- 
scrvatory,  Second  Series,  containing  observations  of  Eros  and 
the  reference-stars,  observations  of  zodiacal  stars  and  prime 
vertical  observations  1882-1884;  Volume  V,  Meteorological 
Observations  and  Results,  1893-1902.  Volume  IV  is  now 
in  press. 

Good  progress  has  been  made  on  the  formation  of  the 
Catalogue  of  the  Astronomische  Gesellschaft  Zone,  —  130  50' 
to  —  1 8°  10',  as  well  as  on  the  cataloguing  of  the  Washington 
zones  1 846-1852. 

The  practical  naval  features  of  the  observatory  work  are 
seen  in  the  regular  publications  of  the  American  Ephemeris 
and  Nautical  Almanac,  and  the  purchase,  trial,  and  issue  to 
the  naval  service  of  chronometers,  watches,  sextants,  teleme- 
ters, binoculars,  surveying  and  photographic  outfits,  and  all 
navigational  instruments,  except  compasses.  The  time-service 
maintained  in  connection  with  the  chronometer  service  sends 
out  daily,  except  Sundays  and  holidays,  telegraphic  noon- 
signals  that  reach  all  points  in  the  country,  correcting  some 
40.000  clocks,  and  dropping  sixteen  time-balls. 

The  following  articles  by  members  of  the  Observatory 
staff  have  appeared  during  the  year  1903 : — 

Elements  and  Ephemeris  of  Comet  a  1903  (Giacobini), 
by  H.  R.  Morgan  and  Eleanor  A.  Lamson  (A.J.  530  and 

A.J.  531-532). 

Observations  of  Heliometer  Comparison-Stars,  by  M.  Up- 
degraff  and  J.  C.  Hammond;  Observations  of  Minor  Planets, 
by  J.  C.  Hammond;  Observations  of  Comet  b  1902  (Perrine), 
by  C.  W.  Frederick  and  W.  W.  Dinwiddie  (A.J.  533). 

Observations  of  the  Declinations  of  Vesta,  by  George  A. 
Hill:  Observations  of  the  Right  Ascensions  of  Vesta,  by 
Everett  I.  Yowell  (A.J.  534). 

Observations  of  Comet  1900  II,  by  George  K.  Lawton 
(A.J.  535)- 

Observations  of   Comet   01903    (Giacobini),   by   C.   W. 
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Frederick;  Observations  of  Turner's  Nova  (2387  Gemi- 
norttm),  by  C.  W.  Frederick;  Photographic  Observations  of 
the  Minor  Planet  (60)  Echo,  by  G.  H.  Peters;  Photographic 
Observations  of  Minor  Planets,  bv  G.  H.  Peters  {A.J.  537- 

538). 

Observations  of  Minor  Planets,  by  J.  C.  Hammond  (A.  J. 
540-541). 

Observations  of  the  Satellite  of  Neptune  and  Comet  d  1902 
(Giacobini),  by  W.  W.  Dinwiddie;  Observations  of  Minor 
Planets,  by  J.  C.  Hammond;  Observations  of  Comet  b  1902 
(Perrine),  by  C.  W.  Frederick  {A.J.  542-543). 

Observations  of  Brooks's  Comet  1889  V>  by  C.  W.  Fred- 
erick ;  Observations  of  Minor  Planets,  by  J.  C.  Hammond 
(A.J.  547). 

Observations  of  Comets  and  Minor  Planets,  by  T.  I.  King; 
The  Instrumental  Constants  in  Equatorial  Work,  by  C.  W. 
Frederick  (A.J.  552). 

Chronometer-Rates,  by  Lieut.-Commander  E.  E.  Hayden 
(Proceedings  Naval  Institute,  Vol.  29,  No.  3). 

The  Pivots  of  the  9-inch  Transit-Circle  of  the  Naval  Ob- 
versatory,  by  W.  S.  Eichelberger  (Astron.  and  Astro  ph.  Soc, 
December,  1903). 

C.  M.  Ciikster,  Rear  Admiral,  U.  S.  N., 

Superintendent  Naval  Obserzvtory. 


KIKKWOOD    OHSIKYAIOKY,    I'-LOOM  I  X(  iTOX  ,    I  X  P. 

As  this  observatory  is  a  part  of  Indiana  University,  it 
seems  necessary  at  present  that  the  major  part  of  the  time 
and  energy  of  the  corps  of  instructors  he  devoted  to  teaching. 
This  affects  m  a  serious  manner  the  quantity,  certainly,  and 
perhaps  the  quality,  of  research  work  done  here.  However. 
at  lea^t  the  first  half  of  every  clear  night  is  devoted  to  work 
with  the  telescopes.  A  part  of  this  time  is  used  by  students 
more  or  less  advanced,  whose  work,  though  done  seriously, 
is  in  the  main  that  of  amateurs. 

During  the  past  two  years  we  have  measured  about  three 
hundred  pairs  of  double  stars,  which  have  been  selected  from 
tho<e  noted  as  double  by  observers  while  making  the  A.  (  ]. 
catalogues,  and  which  have  not  been  hitherto  measured.     Tlv 
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measures  of  two  of  these  lists  have  already  been  published, 
and  two  other  lists  are  now  in  manuscript.  The  measures 
were  made  with  the  12-inch  refractor  to  which  is  attached 
a  micrometer  by  Warner  &  Swasey.  With  the  same  instru- 
ment we  obtained  a  large  number  of  positions  of  Comet  d  1902 
and  Comet  a  1903. 

A  mounting  for  a  15-inch  reflector,  the  mirror  of  which 
was  kindly  loaned  us  by  Mr.  O.  L.  Petitdidier,  of  Chicago, 
has  just  been  completed  by  the  department.  With  this  instru- 
ment a  series  of  photographs  of  nebulie  and  star-clusters  has 
been  made.  With  a  portrait-lens  of  five  inches  aperture  and 
with  a  small  "tintype"  lens  a  fairly  complete  series  of  photo- 
graphs of  Borrelly's  Comet  was  obtained.  Using  a  color- 
screen,  we  have  succeeded  in  making  with  the  refractor  quite 
excellent  photographs  of  the  Moon. 

John  A.  Miller,  Director. 


CHAMBERLIN     OBSERVATORY,    DENVER,     COLO. 

During  the  year  1903  only  comet  observations  were  made, 
the  time  of  the  director  of  the  observatory  being  largely  con- 
sumed by  administrative  work  in  connection  with  the  Uni- 
versity of  Denver.  H.  A.  Howe,  Director. 


THE    ASTROPHYSICAL    OBSERVATORY    OF    THE    SMITHSONIAN 
INSTITUTION,    WASHINGTON,   D.    C. 

Rolographic  studies  of  the  spectrum  of  the  Sun  and  the 
provision  of  a  large  horizontal  telescope  to  be  used  for  studies 
of  special  portions  of  the  solar  radiation  have  been  the  dis- 
tinguishing features  of  the  work  of  the  Astrophysical  Observa- 
tory during  the  past  year.  Results  of  uncommon  interest  have 
been  reached  in  the  holographic  work  of  the  past  twelve 
months,  and  especially  in  the  studies  of  the  absorption  of  the 
solar  rays  by  our  atmosphere. 

Briefly  this  has  shown  that  the  Earth's  atmosphere,  so  far 
as  it  can  be  observed  here,  has  been  more  opaque  than  usual 
within  the  present  calendar  year,  so  much  so  as  to  reduce  the 
direct  radiation  of  the  Sun  at  the  Earth's  surface  by  about 
ten  per  cent,  on  the  average,  throughout  the  whole  visible  and 
infra-red  spectrum,  and  by  more  than  double  this  amount, in 
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the  blue  and  violet  portions  of  the  spectrum.  This  alteration 
of  the  transparency  of  the  air  has  not,  however,  been  confined 
to  the  region  of  Washington. 

Another  interesting  observation  is  that  determinations  of 
the  rate  of  solar  radiation  outside  the  Earth's  atmosphere 
might  appear  to  indicate  that  there  has  been  a  decrease  of  the 
solar  radiation  itself  since  March  26,  1903;  but  I  refer  to 
this  with  hesitation,  as  I  have  elsewhere  observed  that  it  is 
scarcely  possible  to  be  certain  of  the  accuracy  of  results  of 
this  sort  when  based  on  observations  near  sea-level.  The 
value  of  a  solar  observatory  at  a  high  altitude,  to  which  I 
referred  last  year,  can  hardly  be  overestimated. 

A  new  determination  of  the  temperature  of  the  Sun,  based 
on  the  distribution  of  the  solar  radiation  in  the  spectrum,  has 
yielded  a  result  of  5,920°  of  the  centigrade  scale  above  abso- 
lute zero. 

For  the  purpose  of  the  special  study  of  the  nature  of  sun- 
spots,  the  absorption  of  the  solar  gaseous  envelope,  and  for 
other  observations  requiring  a  large  solar  image  an  equipment 
including  a  horizontal  reflecting  telescope  of  140-foot  focus 
and  20-inch  aperture  and  a  coelostat  of  improved  construction 
to  furnish  at  all  times  a  20-inch  horizontal  northerly  directed 
solar  beam  has  been  provided.  The  form  of  coelostat  employed 
seems  so  well  suited  to  solar  work  that  this  large  instrument 
will  he  exhibited  by  the  observatory  at  the  Louisiana  Purchase 
Exposition  in  10,04.  Provision  lias  been  made  in  connection 
with  the  long- focus  telescope  to  churn  the  air  traversed  bv 
the  beam  from  the  oelostat  to  the  focal  image  after  the  man- 
ner described  in  my  last  year's  report.  It  is  hoped  that  this 
installation  will  have  yielded  results  of  interest  before  another 
year. 

(  )n  the  whole,  the  work  of  the  Astroplu  sical  Observatory 
during  the  past  year  has  been  quite  as  productive  of  results 
of  interest  as  during  any  former  year  of  its  existence,  espcciallv 
in  showing  a  notable  variation  of  atmospheric  transparency 
which  is  likely  to  have  affected  climate  and  the  growth  of 
vegetation  over  a  considerable  part  of  the  Earth's  surface, 
and  in  the  studies  of  atmospheric  absorption  and  those  relating 
to  the  solar  constant,  to  which  I  have  referred,  there  seems 
renewed  promise  of  progress  toward  the  goal  "foretelling  by 
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such  means  those  remoter  changes  of  weather  which  affect 
harvests,"  which  is  one  of  the  great  aims  had  in  view  in  the 
foundation  of  the  observatory.  c    p    LANGLEY 

Secretary  of  the  Smithsonian  Institution. 


CINCINNATI    OBSERVATORY,    CINCINNATI,    OHIO. 

The  work  of  this  observatory  during  1903  has  been  along 
the  same  lines  as  in  the  year  previous.  Observations  for  the 
variation  of  latitude  were  carried  on  with  as  great  regularity 
as  the  weather  would  permit,  1,490  pairs  having  been  obtained. 
The  reobservation  of  the  stars  of  Piazzi's  catalogue  north  of 
the  equator  with  the  meridian-circle  was  practically  completed. 
It  is  hoped  during  the  current  year  to  publish  the  results. 

Last  summer  the  11 -inch  equatorial,  originally  purchased 
by  Professor  Mitch  el,  was  dismounted.  For  nearly  thirty 
years  it  stood  on  Mount  Adams,  a  high  prominence  overlook- 
ing the  city,  and  named  in  honor  of  John  Quincy  Adams. 
who  delivered  the  oration  at  the  laying  of  the  corner-stone  of 
the  Cincinnati  Observatory.  For  thirty  years  more  the  tele- 
scope has  stood  upon  Mount  Lookout,  six  miles  northeast  of 
the  city.  It  is  hoped  soon  to  remount  this  historic  instrument, 
the  oldest  of  any  considerable  size  in  the  Western  Continent. 

In  the  mean  time  the  observatory  has  purchased  of  the 
Alvan  Clark  Corporation  a  new  16-inch  equatorial,  which  will 
be  installed  early  in  the  year.  It  is  then  expected  to  take  up 
some  lines  of  extra-meridian  work. 

J.  G.  Porter,  Director. 


HARVARD   COLLEGE   OBSERVATORY,    CAMBRIDGE,    MASS. 

East  Equatorial. — Nearly  all  of  the  observations  with  this 
instrument  have  been  made  by  Professor  O.  C.  Wendell,  and 
have  been  of  the  same  general  character  as  in  previous  years. 
The  errors  of  observation  have  an  average  value  of  three  or 
four  hundredths  of  a  magnitude.  Deviations  of  a  tenth  of  a 
magnitude  generally  indicate  real  changes  in  the  star  meas- 
ured. The  effect  of  color  also  seems  less  troublesome  than 
with  visual  observations.  About  two  thousand  measures  have 
been  made  of  stars  suspected  of  variability  by  other  observers. 
An  attempt  is  made  to  measure,  every  year,  all  stars  which 
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vary  more  than  half  a  magnitude  an  hour,  on  three  nights 
when  increasing  in  light,  and  on  three  when  decreasing  in 
light.  About  six  thousand  measures  have  been  made  of  such 
objects.  Seven  hundred  measures  have  also  been  made  with 
a  second  photometer  adapted  to  the  comparison  of  stars  too 
near  together  to  be  measured  with  the  first  instrument.  The 
same  instrument  has  been  used  in  the  photometric  measurement 
of  Jupiter's  satellites  while  undergoing  eclipse.  Observations 
of  variable  stars  of  long  period  throughout  their  changes,  and 
the  reduction  of  the  results  to  the  scale  ot  the  meridian  pho- 
tometer have  been  continued. 

Similar  observations  of  variables  and  comparison-stars  have 
been  made  with  the  JVcst  Equatorial.  With  it  1,724  estimates 
of  variables  and  399  of  comparison-stars  have  been  made  by 
Miss  Cannon.  Three  thousand  three  hundred  and  ninety-five 
estimates  of  variables,  and  323  estimates  of  comparison-stars 
have  been  made  by  Mr.  Campbell  with  the  naked  eye.  field- 
glass,  and  a  5-inch  portable  telescope.  Some  estimates  of 
faint  variables  and  photometric  measurements  of  double  stars 
were  also  made  by  Mr.  Campbell  during  the  month  of  August, 
with  the  East  Equatorial. 

Meridian  Circle. — The  only  important  work  of  this  instru- 
ment during  the  year  has  been  the  determination  of  clock- 
error.  All  the  columns  of  the  catalogue  of  stars  belonging  to 
the  zone  — o,  30'  to  —  14  10'  are  now  provisionally  complete, 
except  that  current  numbers  are  not  yet  assigned  to  the  stars. 
The  \\«>rk  of  re-computing  particular  observations,  in  cases  oi 
large  discrepancy,  is  also  very  nearly  finished. 

u-uicli  Meridian  riiotuineter. — The  principal  work  has 
been  the  completion  oi  observations  undertaken  in  previous 
years,  and  the  measurement  of  all  the  Durchmtisterting  stars 
m  zones  10'  wide,  north  of  Declinations  —5  and  —  13".  A 
beginning  has  ben  made  of  the  observations  of  stars  in  similar 
zones  south  of  -^-5  ,  ■'-  15  A  and  -f-  25  A  This  work  will  sup- 
plement that  already  completed  at  Declinations  — 20  , —  10  . 
o  .  -r-  i(>  .  etc.  Measures  have  also  been  made  oi  sequences 
of  stars  from  the  eighth  to  the  thirteenth  magnitude,  in  twentv- 
three  coarse  clusters,  to  determine  the  absolute  magnitudes  <-f 
the  components  <>f  these  objects.  I.v  interposing  a  shade-glass 
so  as  to  reduce  the  light   of  the  Mar.  any  star  however  bright 
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could  be  measured.  Another  modification  of  the  instrument 
permitted  surfaces  to  be  measured. 

Henry  Draper  Memorial. — Eight  eclipses  of  Jupiter's 
satellites,  and  five  occupations,  have  been  successfully  photo- 
graphed with  the  1 1 -inch  Draper  telescope.  Four  variable 
stars  have  been  found  by  Mrs.  Fleming,  and  one  by  Miss 
Breslin,  from  the  examination  of  the  Draper  photographs. 
Among  other  photometric  investigations  of  plates,  it  was  found 
that  a  reduction  of  temperature  from  jo°  to  o°  F.  increased  the 
sensitiveness  of  plates  by  about  half  a  magnitude.  Photo- 
graphic charts  have  been  made  here  of  the  regions  of  asteroids 
which  have  not  been  observed  elsewhere  during  the  last  three 
years.  Several  asteroids  have  thus  been  found,  but  owing  to 
the  faintness  of  the  greater  portion  of  these  objects  the  8-inch 
Draper  telescope,  which  was  the  instrument  employed,  is  hardly 
large  enough  for  this  work. 

Boy  den  Department  (Arequipa). — Measures  have  been  made 
on  21  nights,  with  the  meridian  photometer,  in  extending  to 
the  South  Pole  the  system  of  bright  standard  stars,  one  in  each 
ten  degrees  square.  Many  measures  were  made  with  the 
Rum  ford  photometer  attached  to  the  13-inch  Boyden  telescope. 
Notwithstanding  its  faintness,  the  variations  in  the  light  of 
Eros  have  thus  been  measured  by  Professor  Bailey  from 
March  30th  to  August  19th.  Excellent  curves  have  been  ob- 
tained which  show  a  variation  in  the  range  from  about  half 
a  magnitude  to  a  magnitude.  Observations  of  fifty  southern 
variables  have  been  made,  besides  a  careful  study  of  their 
comparison-stars. 

Bruce  Photographic  Telescope. — The  number  of  photo- 
graphs taken  with  the  Bruce  photographic  telescope  was  413. 
Although  these  plates  are  difficult  to  handle  and  liable  to  be 
broken,  owing  to  their  size,  which  is  14  by  17  inches,  yet  they 
are  proving  extremely  useful,  since  by  their  aid  stars  may 
be  studied  which  are  much  too  faint  to  be  photographed  with 
our  other  instruments.  The  scale  also  permits  positions  to  be 
determined  much  more  accurately  than  with  smaller  instru- 
ments. Forty-two  of  these  plates  had  exposures  of  one  hour, 
and  showed  the  spectra  of  the  stars ;  the  remainder  were  chart- 
plates,  of  which  17  had  exposures  of  four  to  five  hours,  66 
of  one  hour,  166  of  ten  minutes;  87  were  of  the  planet  Eros, 
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and  35  were  miscellaneous.  Mr.  Frost,  from  an  examination 
of  1 8  photographs,  found  37  nebula?  not  contained  in  Dreyer's 
catalogue.  On  one  plate  he  counted  10,926  stars  in  one  square 
degree. 

Miscellaneous. — The  reduction  of  the  observations  made 
by  the  late  Professor  Rogers  with  the  meridian-circle,  during 
the  years  1879  to  1883,  is  being  continued  by  Miss  Bond.  Mrs. 
Fleming  has  not  been  able  for  some  time  to  continue  the 
classification  of  spectra  for  the  Southern  Draper  Catalogue. 
Arrangements  have  now  been  made  so  that  she  is  doing  this 
work  at  home  in  the  evening.  A  stereocomparator  has  been 
constructed  and  gives  satisfactory  results.  The  Revised  Har- 
vard Photometry,  containing  about  nine  thousand  stars,  is  now 
approaching  completion.  All  stars  in  any  part  of  the  sky  and 
of  the  magnitude  6.5  and  brighter  in  any  of  our  photometric 
catalogues  are  included.  The  anonymous  gift  of  1902  has  been 
of  the  greatest  service ;  it  will  provide  two  reflectors  of  twenty- 
five  inches  aperture,  one  for  use  on  the  northern  and  the  other 
on  the  southern  stars,  and  has  given  us  a  fire-proof  wing  to 
the  building  already  used  for  storing  and  studying  the  photo- 
graphs. The  cost  of  the  entire  building  and  wing  was  only 
about  $20,000,  and  two  similar  buildings  would  provide  for  a 
much  needed  new  library  for  the  observatory,  computing-rooms. 
plrnf  graphic  laboratory,  and  a  workshop. 

Edward  0.  I'k  kkkixo,  Director. 

Tin;  wasihukx  (ii:<!:K\'ATnKv,  madisox.  wis. 
During  the  vear  10,03  the  40' ln  equatorial  telescope  \\a- 
employed  by  the  Director  in  the  following  series  <»f  observa- 
tions h,o  Micrometric  observations  for  ihe  determination  of 
the  parallax  and  proper  motion  of  Xo-;\i  Pcrsa.  Thi^  series, 
commenced  immediately  after  the  appearance  of  the  \01\1.  will 
be  Continued  at  epochs  of  maximum  and  minimum  parallactic 
effect  so  lonn-  as  is  feasible.  1  b  )  Micrometric  observations  of 
a  selected  list  of  binarv  stars  known  to  be  in  relatively  rapid 
motion,  This  work  is  in  continuation  of  the  observations  con- 
tained in  Publications  of  the  Washburn  Observatory  i  Vol.  X  ). 
1  c  )  The  remeasurement  of  a  list  of  wide  double  stars  first  ob- 
served a  halt-century  since  by  the  Stkuvks.     ( (/ )   Experiments 
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to  determine  the  adaptability  of  the  telescope  to  celestial  pho- 
tography as  a  substitute  for  the  micrometer. 

The  amount  of  work  accomplished  along  these  several 
lines  has  been  considerably  restricted  by  unfavorable  atmos- 
pheric conditions,  and  in  even  greater  measure  by  a  large 
increase  in  the  purely  academic  duties  of  the  Director.  Al- 
though no  clerical  assistance  is  available  in  connection  with  this 
work,  the  reductions  of  all  observations  have  been  completely 
made,  and  the  observations  of  the  binary  stars  are  ready  for 
publication.  The  observations  of  Nova  Persei,  while  indi- 
vidually reduced,  still  require  a  discussion  that  can  be  given 
only  when  the  series  is  complete. 

The  observations  above  noted  under  the  rubric  (c)  were 
undertaken  with  a  view  to  the  determination  of  the  proper  mo- 
tions of  faint  stars  (8  to  12  magnitude),  and  the  observing 
list  is  intended  to  include  all  stars  of  this  character  that  have 
been  compared  by  the  Struves  with  bright  stars  of  known 
proper  motion.  For  a  provisional  account  of  the  results  already 
obtained,  together  with  some  discussion  of  their  bearing  upon 
current  theories  of  the  constitution  of  the  stellar  system,  refer- 
ence may  be  made  to  the  Astronomical  Journal,  No.  558. 

The  meridian-circle  of  I2.2cm  aperture  was  employed  dur- 
ing the  year  1903  by  Mr.  A.  S.  Flint  in  observations  for  the 
determination  of  stellar  parallax.  These  observations,  begin- 
ning July  15,  1898.  constitute  a  second  series  substantially 
similar  to  the  first  series  of  parallax  determinations,  contained 
in  Publications  of  the  Washburn  Observatory  (Vol.  XI),  save 
that  in  their  conduct  a  Repsold  transit-micrometer  has  been 
employed.  The  reader  may  consult  the  Astronomical  Journal, 
No.  470.  for  an  account  of  the  observer's  earlier  experience 
with  this  micrometer  and  with  the  peculiar  system  of  slat 
screens  employed  for  diminishing  the  apparent  magnitudes  of 
the  stars  observed.  The  result  of  five  years'  additional  ex- 
perience is  on  the  whole  favorable  to  the  apparatus,  when 
employed,  as  is  here  done,  with  close  parallel  threads,  between 
which  the  star's  image  is  held  during  transit.  After  some 
experimentation  the  observer  has  adopted  10"  as  approximately 
the  most  convenient  distance  between  these  threads. 

The  observing  list  of  stars  whose  parallaxes  are  to  be  de- 
termined is  made  up  as  follows : — 
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Stars  brighter  than  magnitude  1.5 1 

Stars  between  magnitudes  1.5  and  2.5,  inclusive  41 

Stars  between  magnitudes  2.6  and  3.1,  inclusive  26 

Fainter  stars  of  large  proper  motion     ....  36 

Binary  stars 18 

Miscellaneous  stars 2 

Total 124 

It  was  the  original  intent  to  include  in  this  list  all  stars  be- 
tween the  magnitudes  1.5  and  2.5  that  were  within  the  reach 
of  the  instrument,  and  the  number  41,  above  given,  represents 
approximately  two  thirds  of  all  stars  of  this  class  in  the  entire 
sky. 

Observations  of  66  stars  of  the  foregoing  list  are  now  com- 
pleted, with  an  average  of  73.4  observations  per  star,  including 
in  most  cases  two  comparison-stars  for  each  star  whose  paral- 
lax is  to  be  determined.  Early  in  the  progress  of  the  work 
preliminary  solutions  were  made  in  the  case  of  six  parallax 
stars,  having  an  average  of  53  observations  per  star,  and  from 
these  it  appears  that  the  average  probable  error  of  a  parallax 
thus  determined  is  ±  o".032.  The  individual  parallaxes  thus 
determined  were  +  o".oi,  +  o".04,  -f-  o".05,  +  o".26,  —  o".02 
—  o".oi. 

Through  the  courtesy  of  the  trustees  of  the  ( iould  Fund 
of  the  National  Academy  of  Sciences  a  grant  of  $400  has 
become  available  during  the  past  year  in  aid  of  the  reduction 
of  these  observations,  and  has  considerably  facilitated  the 
work.  The  present  state  of  the  reductions  is  represented  bv 
the  statement  that,  for  the  observations  already  made,  approx- 
imately one  half  of  the  computing  required  to  produce  the 
absolute  terms  of  the  resulting  observation  equations  is  com- 
pleted. 

The  parallax  observations  being  in  an  advanced  state,  Mr. 
Flint  undertook,  in  October,  KJ03,  and  is  now  actively  carry- 
ing on,  the  determination  of  the  positions  of  a  list  of  stars  ob- 
served by  the  Director  as  comparison-stars  in  the  work  above 
designated  <ri.  These  art'  for  the  most  part  stars  o\  moderate 
brightness,  for  the  determination  of  whose  proper  motions 
modern   observations  are  greatly  needed. 

Aside   fr«»m  the  current  determination  oi  time,  the  transit- 
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instrument  and  the  small  equatorial  telescope  of  the  observa- 
tory have  been  used  only  for  purposes  of  instruction. 

March  10,  1904.  George  C.  Comstock,  Director. 


INTERNATIONAL   LATITUDE   STATION,    UKIAH,    CAL. 

The  programme  of  the  International  Geodetic  Association 
for  observing  variations  of  latitude  was  continued  throughout 
1903  without  modification  or  interruption.  Dr.  Schlesinger's 
connection  with  the  station  ceased  on  April  30th,  and  mine  be- 
gan on  February  1st.  Very  good  observing  weather  prevailed 
during  nearly  the  entire  year.  The  longest  intervals  without 
observations  were  nine  nights  in  January,  and  again  nine  nights 
in  December.  December,  however,  yielded  a  unique  record — 
sixteen  complete  (no  incomplete)  nights*  work.  Between  No- 
vember 29  and  January  21,  1904,  an  unbroken  record  of 
twenty-eight  complete  nights  was  obtained.  The  total  number 
of  pairs  observed  was  2,655,  which  exceeds  by  552  pairs  the 
best  previous  record.  The  distribution  by  months  is  as  fol- 
lows : — 

Pairs.  Pairs. 

1903.  January    155        1903.  July    209 

February   257  August 222 

March    161  September 200 

April 309  October    238 

May   261  November   172 

June    215  December    256 

During  the  three  months  that  Dr.  Schlesinger  and  I  ob- 
served together  the  nights  were  about  equally  divided  between 
us,  the  plan  being  to  determine  the  personal  difference  between 
the  two  observers.  For  this  purpose  650  pairs  were  obtained, 
and  a  preliminary  reduction  of  these  gives  a  difference  between 
results  of  the  two  observers  of  but  o".oi,  <f>s—  <£T=  +  o".oi 

—  °"-01'  Sidney  D.  Townley. 


VASSAR    COLLEGE    OBSERVATORY,    POUGHKEEPSIE,    N.    Y. 

During  the  past  year  the  observatory  of  Vassar  College 
has  been  occupied  with  the  reduction  of  photographic  plates 
covering  the  region  about  the  North  Pole.  With  the  grant 
from  the  Carnegie  Institution,  two  computers  were  engaged, 


1 1 6  Publications  of  the  Astronomical  Society,  <2fc. 

who  are  still  employed,  and  during  the  summer  months  the 
number  was  increased  by  two,  one  of  whom  had  had  consid- 
erable experience  in  such  computation. 

The  reduction  of  the  separate  plates  and  their  interadjust- 
ment  have  been  completed,  and  the  final  catalogue  is  nearly 
ready.  There  remains  still  the  determination  of  the  proper 
motions,  for  which  a  large  amount  of  material  has  already  been 
collected.  Of  the  stars  on  the  plates,  31  are  found  in  Schwerd, 
165  in  Carrington,  78  in  the  observations  of  Fabritius  at 
Kiev,  and  60  in  the  Greenwich  observations  for  1899  and  1900. 
Scattering  observations  are  found  in  a  number  of  other  cata- 
logues. With  but  few  exceptions,  the  proper  motions  of  these 
stars  have  never  been  determined. 

During  the  past  year  a  photometer,  with  a  photographic 
wedge  after  the  Harvard  pattern,  has  been  added  to  the  equip- 
ment of  the  observatory,  and  has  been  used  by  Professor  Whit- 
ney for  observing  variable  stars. 

The  regular  work  of  observing  asteroids  and  comets  has 
been  omitted  this  year,  since  the  computing  force  has  been 
exclusively  occupied  with  the  plate-work. 

The  instruction  which  forms  the  principal  work  of  the  ob- 
servatory force  has  continued  as  heretofore. 


1 

' 

NOTICES   FROM  THE  LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


Definitive  Orbit  01  mi-  Spectroscopic  Binary  iPi-gas/^ 
This  binary  was  discovered  by  Director  Camphull  and 
announced  by  him  in  the  Astrophysicol  Journal  for  May,  1899. 
The  spectrum  is  of  Type  F,  with  fairly  good  lines.  The  de- 
termination of  the  orbit  is  made  to  depend  upon  forty-three 
plates,  comprising  all  the  plates  of  this  star  which  have  been 
taken  with  the  Mills  spectrograph,  with  the  exception  of  a  few 
of  poor  focus  or  insufficient  exposure,  which  have  been  rejected. 
The  formulae  and  methods  used  arc  those  of  Leiimann-Filhes 
[A.  A\  $242],  with  the  addition  of  a  sixth  unknown  for  the 
change  in  the  assumed  velocity  of  the  system. 

The  preliminary  orbit  adopted  as  the  basis  of  the  solution 
is  as  follows: — 

preliminary  elements. 

Velocity  of  system  =  —  3.91  km 

T  —  1899  June  15.515 

=  Julian  Day  2414821.515 

e  s=  0.0205 

«  -  272°732 

log  p  s  978864 

lOg    K=    I.67574 

Period  =  10^.2132 

A  second  solution  was  found  to  be  necessary,  inasmuch  as 
the  agreement  between  the  ephemeris  from  the  first  solution 
and  substitution  of  the  values  of  the  unknowns  in  the  equations 
of  condition  was  not  sufficiently  close,  clue  to  omitted  terms  of 
the  second  order  in  the  differential  coefficients.    The  values  of 
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the  unknowns  derived  from  the  second  solution,  with  their 
probable  errors,  are  as  follows: — 

VALUES  OF   UNKNOWNS,   SECOND  SOLUTION. 

IV~- — O.09  dbO.lI1"11 

IT  =  —  0.200  ±l  0.352  days 

8  fi  =  +  0.00000007  ±  0.00000407 

8k  —  +0.0327  ±0.1523 

8  a)  =  —  0.1230  ±  0.0240  radians 

8  *  =  —  0.00008  zt  0.0040 

FINAL   ELEMENTS. 
V  =  —  4.12  zbO.IIkm 

T  =  1899  June  14-966    ±  0.352  days 

=  J.  D.  2414820.966 
e  —  0.0085  =t  0.0040 

w  =  25i°.8o7  ±  i°.373 

logic  =  1. 68l  17  ±:  O.OOOI4 

log  fi  —  9.7890216  ±:  0.0000029 

fi  =  350. 2488  zt  0°.00O2 

Period  =10.21312  zb  0.00006  days 
a  sin  t  =  6,740,000  km 

The  sum  of  the  squares  of  the  weighted  residuals  has  been 
reduced  from  51.14  to  26.25. 

The  probable  error  of  a  single  plate  as  derived  from  this 

solution  is  rt:  0.5' >km.  The  relatively  large  probable  errors 
in  the  values  of  T  and  to  arise  from  the  fact  that  the  orbit  is 
nearly  a  circle,  the  eccentricity  being  only  -j-  0.0085.  (  )n  the 
other  hand,  inasmuch  as  the  observations  cover  two  hundred 
and  nineteen  complete  revolutions  of  the  star,  the  period  is 
determined  with  considerable  accuracy.  The  largest  residual 
is  — 2.14  kin;  the  range  oi  velocity  is  from  -f- 43.7  km  to 
—  52.1  km   per  second. 

HeHEK    D.    C  L'RTIS. 
March,  1804. 

Rkckxt  Mi  amki's  oi-  t    Hydr.-h,  A 1  > . 
Measures  on  three  nights  of  Sciiiapakfu.i's  rapid  binary 
system,  c  Hydra*,  Al>.  give  the  following  mean  result  : — 
1904.047  147  .2         o".25. 

The  position    for  this  epoch   derived    from   my   preliminary 
elements""'    is     1 50  .(;,    o".25,    leaving    the    residuals     (() — O. 

•See  these  Publications,  Vol.  XV,  j>.  *4.  and  /„.  (>.  lUilUtnt,  No.   V>. 
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—  3°. 7  ±  o".oo.     These  correspond  to  a  displacement  of  the 
companion-star  of  less  than  o".02  in  arc.  ~    „    K 

r  R.  G.  AlTKEN. 

March,  1904. 

A  New  Companion  to  2  1506,  and  a  New  Naked-Eye 
Double  Star. 
Two  of  the  new  double  stars  recently  discovered  with  the 
36-inch  telescope  are  of  sufficient  interest  to  be  noted  at  this 
time.  One  is  a  naked-eye  star  in  Monoccros,  whose  position 
for  1900.0  is  R.  A.  6h  iom  408;  Decl.  — 90  o';  the  other  is  the 
companion  to  the  wide  pair  2  1506,  which  I  find  to  be  a  close 
double.    The  results  of  my  measures  of  these  stars  are : — 

Star.         Date.  Angle.      Distance.         Magnitudes.      Nights. 

i   1904.05  I58°.2  o".23   6.6-  6.6  4 

1904.08   55  .5  o  .20  10.0  -  10.0  1  BC  (new) 

.08     216  . 1    II  .12       7.3-    9.5      I  AandBC(  =  2i5o6) 

March,  1904.  R-  G*  AITKEN- 


r 


Honors  for  Director  Campbell. 

Professor  W.  W.  Campbell  has  been  elected  a  Foreign 
Member  of  the  Societa  degli  Spettroscopisti  Italiani.  This 
society  consists  of  thirty  Italian  members  and  thirty  foreigners. 
Membership  in  it  by  a  foreigner  is  a  signal  honor. 

Professor  Campbell  has  also  been  requested  to  serve  on  an 
honorary  committee  presided  over  by  the  Minister  of  Public 
Instruction  for  France,  whose  purpose  is  to  forward  the  project 
for  erecting  a  monument  to  the  eminent  astronomer  Jerome 
Lalande,  at  Bourg,  the  place  of  his  birth.  R.  G.  A. 


GENERAL    NOTES 


At  the  meeting  of  the  American  Association  for  the 
Advancement  of  Science  held  in  St.  Louis,  four  papers  upon 
astronomical  subjects  were  presented  before  Section  A,  Mathe- 
matics and  Astronomy.     The  papers  were: — 

The  Rotation  Period  of  the  Planet  Saturn:  G.  \V.  Hough,  Director  of 

Dearborn  Observatory,  Evanston,  111. 
Facilities  for  Astronomical  Photography  in  Southern  California :    E.  L. 

Larkin,   Director  of  Lowe  Observatory. 
The  Supporting  and  Counterweighting  of  the  Principal  Axes  of  Large 

Telescopes:    C.  D.  Perrine,  Lick  Observatory. 
A    New   Type   of   Transit-Room    Shutter:      David   Todd,   Director    of 

Amherst  College  Observatory. 


The  fifth  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America  was  held  in  St.  Louis  during  Convocation 
week,  in  affiliation  with  the  American  Association  for  the 
Advancement  of  Science.  Professor  Simon  Newcomb  was 
re-elected  President  of  the  Society.  The  list  of  papers  pre- 
sented, abstracts  of  which  may  be  found  in  Science  for  Feb- 
ruary 19th,  was  as  follows : — 

The  Prediction  of  Occultations  of  Stars  by  the  Moon:  G.  W.  Hough. 

The  D.   ().   Mills  Expedition:     \V.  W.  Camhjeu.. 

The  Sun's  Motion  Relative  to  a  Group  of  Faint  Stars:    G.  C.  Com  stock. 

The  Absorption  of  the  Solar  Radiation  by  the  Sun's  Atmosphere: 
F.  \Y.  Very. 

Rorrelly's  Comet:    Sekastiax  Ai.brfcht. 

The  Pivots  of  the  Nine-Inch  Transit-Circle  of  the  U.  S.  Naval  Ob- 
servatory:     \Y.    S.    ElCHELHERGER. 

A  Short  Sketch  of  the  Progress  of  Astronomy  in  the  United  Stated  : 
M.    S.    P.rexxex. 

The  F.ros  Parallax  Photographs  at  the  Good.. ell  Observatory:  H.  C. 
W 1 1. sox. 


The  following"  notes  have  been  taken  from  recent  numbers 
of  Science. 

The  grant  of  the  Carnegie  Institution  to  the  Department 
of  Astronomv  of  Princeton  University  has  been  increased  to 
$1,200.  This  monev  is  to  be  used  iti  determining"  the  bright- 
ness <»f  certain  standard  stars. 
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The  death  is  announced  of  M.  Callandreau,  member 
of  the  Paris  Academy  of  Sciences  in  the  section  of  Astronomy. 

Professor  Hermann  Struve,  Director  of  the  Observatory 
at  Konigsburg,  has  been  appointed  Director  of  the  Observa- 
tory at  Berlin. 

Sir  William  Huggins,  President  of  the  Royal  Society, 
celebrated  his  eightieth  birthday  on  February  7th. 

An  observatory  has  been  established  at  Lagreb,  the  capital 
of  Croatia  (Hungary),  and  is  under  the  direction  of  Professor 
Otto  Kucera.  It  has  equatorials  of  6.4  and  4.25  inches 
aperture,  and  it  is  proposed  to  observe  the  Sun,  planets,  and 
variable  stars. 


The  next  meeting  of  the  Astronomical  and  Astrophysical 
Society  of  America  will  be  held,  in  affiliation  with  the  American 
Association  for  the  Advancement  of  Science,  at  Philadelphia, 
during  Convocation  week,  1904-1905. 


The  Astronomical  Journal  No.  555  contains  an  important 
article  entitled  "  Definitive  Orbit  of  Comet  1845  HI,"  by 
Henry  A.  Peck.  This  was  a  naked-eye  comet  and  at  the 
time  of  visibility  it  was  thought  that  it  might  be  a  return  of 
the  famous  comet  observed  by  Tycho  Brahe  in  1596.  Its 
orbit  was  computed  by  D'Arrest,  who  found  that  the  observa- 
tions could  be  equally  well  satisfied  by  a  parabola,  an  hyperbola, 
and  an  ellipse  of  249  years  period. 

Mr.  Peck  concludes,  however,  "  that  the  complete  exami- 
nation of  the  observations  substantiates  the  parabolic  orbit  of 
D'Arrest,  while  it  shows  that  his  ellipse  must  be  abandoned  as 
being  contrary  to  fact." 


The  Carnegie  Institution  has  granted  the  sum  of  $500  to 
Professor  E.  P.  Lewis,  of  the  University  of  California,  for 
the  purpose  of  carrying  on  spectroscopic  work.  Professor 
Lewis  has  already  published  some  interesting  results  of  in- 
vestigations of  the  spectra  of  gases  under  different  physical 
conditions  and  upon  the  spectra  of  mixed  gases.  The  grant 
from   the   Carnegie   Institution   will   enable  him   to   purchase 
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improved  apparatus  and  to  carry  on  the  experiments  upon  an 
enlarged  scale. 


Dr.  Ludendorff,  of  Potsdam,  has  published  (A.  N.  3918- 
3920)  some  interesting  results  of  investigations  of  the  bright- 
ness of  e  Aurigce.  The  fluctuations  in  brightness  of  this  star 
were  first  discovered  in  1821,  but  the  period  was  not  apparent, 
and  it  has  been  classed  as  an  irregular  variable.  In  the  fall  of 
1902  it  was  found  at  Potsdam  that  this  star  is  a  spectroscopic 
binary  of  probably  very  long  period.  Dr.  Ludendorff  finds, 
from  investigation  of  all  the  available  observations,  that  this 
is  an  Algol  variable  system,  composed  of  two  bright  stars 
revolving  in  a  period  of  54J4  years,  and  eclipsing  each  other 
every  27^  years.  The  star  remains  at  maximum  brightness 
for  over  twenty-five  years,  declines  to  minimum  in  207  days, 
remains  at  minimum  313  days,  and  then  returns  to  maximum 
in  207  days,  to  remain  again  at  that  brightness  for  twenty-five 
years. 

Miss  Clerke  points  out,  however,  (The  Observatory, 
March,  1904,)  from  the  data  given,  that  the  mass  of  the  sys- 
tem must  be  188,000  times  that  of  the  Sun.  She  thinks,  there- 
fore, that  Dr.  Ludendorff's  theory,  as  it  stands,  is  untenable. 


His  Excellency  the  United  States  Ambassador  attended  the 
annual  meeting  of  the  Royal  .Astronomical  Society  vestenlav 
to  receive  the  gold  medal  which  the  council  have  awarded  to 
Professor  ('Ikorc.k  E.  ITalk.  of  the  Yerkcs  Observatory.  In 
his  presidential  address  Professor  II.  II.  Turnkr  recounted 
the  splendid  achievements  of  Professor  Half.,  chief  of  which 
has  been  his  invention  of  the  spectroheliograph.  "  by  which 
photographs  are  now  made  of  all  the  prominences  visible  round 
the  entire  circumference  of  the  Sun,  with  a  single  exposure, 
and  by  which  facube  are  clearly  shown  even  in  the  brightest 
portion  of  the  Sun's  disc."  The  Sun  being  the  only  star  we 
can  observe  in  detail.  Professor  Halk's  method  enables  tin- 
astronomer  to  get  over  the  difficulty  of  the  excessive  brightness 
of  the  solar  orb  and  photograph  the  whole  surface.  In  making 
the  presentation,  Dr.  Ttrxfr  referred  to  the  eminent  services 
which   American  men  of  science  have  rendered  to  astronomy. 
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Acknowledging  the  gift  of  the  medal  on  behalf  of  Professor 
Hale,  who  was  unable  to  be  present,  Mr.  Choate  observed 
that  this  award  was  the  greatest  honor  which  an  astronomer 
could  receive.  He  was  gratified  to  see  how  highly  the  work 
of  American  observers  was  esteemed,  and  to  remember  that 
only  three  years  ago  this  medal  was  bestowed  on  Professor 
Pickering,  of  Harvard.  Our  astronomers,  he  added,  have 
rare  facilities.  Heaven  smiles  upon  them.  With  three  hundred 
clear  days  and  nights  in  the  year — which  I  am  afraid  you 
cannot  have  here  in  London — [laughter] — with  splendid  ob- 
servatories provided  and  equipped  wfith  public  and  private 
munificence,  it  would  be  strange  if  they  did  not  do  well.  This 
gift  will  add  further  stimulus  to  Professor  Hale,  and  to  give 
stimulus  and  nerve  to  such  a  man  is  to  achieve  the  highest 
purpose  of  such  an  award.  [Loud  cheers.] — London  Daily 
Telegraph,  Feb.  15th.  v 
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Minutes   of    the    Special    Meeting    of    the    Board    of 

Directors    of    the    Astronomical    Society    of    the 

Pacific,  held  in  the  Rooms  of  the  Society,  on 

Saturday,  November  28,  1903,  at  2  p.m. 

President  von  Geldern  presided.     A  quorum  was  present. 

The  purpose  of  the  meeting  being  the  Fifth  Award  of  the  Bruce 
Gold  Medal,  the  letters  received  from  the  Directors  of  the  six  nomi- 
nating Observatories  were  submitted  by  the  Secretary.  After  a  careful 
consideration  of  the  recommendations  contained  in  these  letters,  the 
selection  of  the  Medalist  was  made  by  ballot,  and  the  following  cer- 
tificate of  bestowal  was  signed  by  all  Directors  present : — 

San  Francisco,  November  28,  1903. 
Fifth  Award  of  the  Bruce  Medal. 
We,  the  undersigned  Directors  of  the  Astronomical  Society  of  the 
Pacific,  hereby  certify,  that,  in  accordance  with  the  Statutes  for  the 
bestowal  of  the  Bruce  Medal,  a  special  meeting  of  the  Board  of  Direc- 
tors was  held  this  day,  at  two  o'clock  p.m.,  for  the  purpose  of  awarding 
the  medal  for  the  year  1904;  and  that,  the  provisions  of  the  Statutes 
relating  to  its  bestowal  having  been  complied  with,  the  medal  was 
awarded  to — 

WILLIAM    HUGGINS, 

for  Distinguished  Services  to  Astronomy,  by  the  consenting  votes  of 

eleven  Directors. 

Signed:  R.  G.  Aitken,*  Chas.  Burckhalter,  W.  W.  Campbell,* 
Wm.  H.  Crocker,*  Chas.  S.  Cushing,*  Otto  von  Geldern, 
A.  O.  Leuschner.  E.  J.  Molera.*  Wm.  M.  Pierson.*  S.  D. 
Town  ley,*   F.   R.   Ziel. 

Adjourned. 

(•  By  proxy.) 


In  answer  to  a   letter  addressed  to  Sir  William   Huccixs.   notify- 
ing  him  of  the   action   taken   by   the    Directors,   the    following   letter    of 

acceptance   was    received  : — 

London,   15  January,   1004. 

Dkar    Sir:      I    beg    to    acknowledge    the    receipt    of   your    letter    of 

the    ist    inst.,    informing    me    of   the    high    honour    which    the    Board    <>t 

Directors   of    the    Astronomical    Society    of   the    Pacific    have    conferred 

upon  me  by  the  award  to  me  of  the  "Bruce  Gold   Medal"   for  the   year 

1004.      In   accordance   with   the    Statute   to  which   you   call   my   attention. 

1     beg    herewith    to    express    formally    my    grateful    acceptance    of    thi- 

mark    of   high    distinction    bestowed    upon   me   by   your    Soeiety  :    1    shall 

always    look    upon    the    medal    as    among    the    nu»t    prized    of    my    jm- 

ses>ions.  j    lla\c   the  honour  to   remain, 

Yours  very   faithfully. 

.,,      ,,    .,    ,.  .,  William    1  Iiv.<,ins. 

1  o  b.  R.  /ill.  hs«p. 

Scn-cUwy  Asirono\n'u\\\  Soc\c\\  of  the  Piicific. 
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mlnutks  of  the   meeting  of  the   board  of   directors, 

held   in    the   rooms   of   the    society, 

March  26,  1904,  at  7:30  p.m. 

President  von  Geldern  presided.  A  quorum  was  present.  The 
minutes  of  the  last  meeting  were  read  and  approved.  The  following 
members  were  duly  elected : — 

List  of   Members    Elected   March    26,    1904. 
Oakland    Free   Public   Library.  ..  .Oakland,  Cal. 

Mr.  E.  J.  de  Sabla,  Jr.* 615,  Rialto  Building,  S.  F.,  Cal. 

N.   W.   cor.   Van   Ness  Ave.   and 


D'-A.S.Tuch« |\^CstsVaF., 


Cal. 


Report  of  the  Library  Committee, 


The  Library  Committee  presented  its  report,  as  follows,  and  the 
report  was  accepted  and  filed: — 

San  Francisco,  Cal.,  March  26,  1904. 
To  the  Board  of  Directors  0/  the  Astronomical  Society  of  the  Pacific: 

We,  the  undersigned  Committee  of  the  Society's  Library,  report  as  follows  : 
Since  the  last  annual  report  the  manuscript  catalogue,  authorized  by  the  Board  of 
Directors,  has  been  completed  and  will  be  published  in  the  August  number  of  the  Publi- 
cations. 

By  binding,  purchase,  and  gift  the  number  of  volumes  on  the  accessions-book  has 
been  increased  during  the  past  year  from  1,258  to  1,344. 

The  expetiditures  from  the  Alexander  Montgomery  Library  Fund  may  be  found  in  the 
Treasurer's  report. 

Respectfully  submitted, 

Sidney  D.  Townley,  Librarian. 
Rose  O'Halloran. 

The  Finance  Committee  reported  that,  pursuant  to  the  Resolution 
adopted  March  28,  1903,  authorizing  the  investment  of  the  funds  of 
the  Society  in  bonds,  they  had  bought  eight  bonds,  at  a  total  cost  of 
$8,059.44; — an  itemized  account  of  the  cost  and  distribution  of  these 
bonds  among  the  several  funds  being  contained  in  the  Treasurer's 
Report. 

Adjourned. 
*  A  star  denotes  Life  Membership. 
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Minutes   of   the   Sixteenth   Annual   Meeting   of    the 

Astronomical  Society  of  the  Pacific,  held  in  the 

Rooms  of  the  Society,  March  26,  1904,  at  8  p.m. 

The  meeting  was  called  to  order  by  President  von  Geldern.  A 
quorum  was  present.  The  minutes  of  the  last  meeting  were  approved. 
The  Secretary  read  the  names  of  new  members  duly  elected  at  the 
Directors'   meeting. 

The  following  papers  were  presented: — 

1.  Address  of  the  retiring  President  of  the  Society,  by  Otto  von  Geldkrn. 

2.  Reports  of  Committees :  on  Nominations ;  on  the  Comet  Medal ;  on  the  Library 
on  Auditing ;  and  Annual  Report  of  the  Treasurer. 

3.  Photographs  of  Comet  Borrelly,  by  Skb.  Albrecht. 

4.  Variable  Star  Notes,  by  Miss  O'Halloran. 

5.  A  Few  Details  of  the  Twelve- Year  Sun  Spot  Cycle,  by  Miss  O'Halloran. 

6.  Planetary  Phenomena  for  May  and  June,  1904,  by  M.  McNeill. 

7.  The  Supporting  and  Counterweighting  of  the  Principal  Axes  of  Large  Telescopes, 

by  C.  D.  Pbrrine. 

The  Committee  on  Nominations  reported  a  list  of  names  pro- 
posed for  election  as  Directors,  as  follows:  Messrs.  R.  G.  Aitken, 
Chas.  Burck halter,  W.  W.  Campbell,  Wm.  H.  Crocker,  Chas.  S. 
Cushing,  Geo.  C.  Edwards,  A.  O.  Leuschner,  Geo.  C.  Pardee,  Wm.  M. 

PlERSON,    S.   D.   ToWNLEY,   F.  R.   ZlEL. 

For  Committee  on  Publication:  Messrs.  R.  G.  Aitken  (Chair- 
man), Frank  Schlesinger,  S.  D.  Townley. 

Messrs.  Schirman  and  Atkins  were  appointed  as  tellers.  The 
polls  were  open  from  8:15  to  9  p.m.,  and  the  persons  above  named  were 

duly  elected  to  serve  for  the  ensuing  year. 

Retort    m-    the    Committee    on    the    Donohoe    Cdmet-Mkpai.. 

Submitted    March    20.    1904. 
This    reports    relates    to    t lie    Calendar    year    l<)OL       The    Comets    of 
1903   have   been : — 

Comet  (/  (unexpected  comet),  discovered  by  M.  Gi.uoi:ini,  at  Nice, 
on   January    15th. 

Comet  b  (unexpected  comet),  discovered  by  Mr.  John"  Griu..  a* 
Thame-.   X.   '/..,  on   April    10th. 

Comet  (■  (unexpected  comet),  discovered  by  M.  Borrei.lv.  at  Marseille-. 
France,    mi    June    jisl. 

Coinet  d  (  Brooks's  periodic  comet.  1X80  V.  i«Sq6Y1).  observed  on  it- 
return   by  K.   (i.  Ait  lex.  at  the  Lick  Observatory,  August    iSth. 

In  accordance  with  the  Stattites.  Donohoe  Coniet-MedaL  h:-.\c 
been   awarded   to   the   discoverers   oi  Comet-   (/,   b,  and   c. 

\V.    \V.   Campbell. 
Chas.     Birckh  alter. 
Wm.    M.    Piersmn. 
CmmnUtcc  on   the   /V;/"//(V   Cniw t-]Is<i\i!. 
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The  Treasurer  submitted  his  Annual  Report  as  follows:— 

Annual  Statement  of  the  Receipts  and  Expenditures  of  the 

Astronomical  Society  of  the  Pacific  for  the 

Fiscal  Year  ending  March  26,  1904. 

general  fund. 

Receipts. 

1903,  March  29th.    Cash  Balance $5,4M  63 

Received  from  dues  for  1903  and  previous  years $280  97 

"     "   1904 57i  40 

"  '*     Life  membership  fee 50  00       $902  37 

"  "     sale  of  Publications 54  00 

Life  Membership  Fund  (interest) 56  67 

44  '•     John  Dolbeer  Fund  (interest) 107  74        1,120  78 

$6,535  46 

Less  transfer  to  John  Dolbeer  Fund $5,000  00 

"         "         "   Life  Membership  Fund 50  00        5.050  00 

$'•48546 
Expenditures. 

For  Publications:  printing  Nos.  89  to  93  of  Vol.  XV $530  70 

No.  94  of  Vol.  XVI 13450 

illustrations 23  25    $638  45 

Stationery  and  printing 87  95 

Postages 65  32 

Rent 180  00 

Salary  Secretary-Treasurer 180  00 

Expressages 11  15 

Telephone  and  Telegrams 2  25 

Janitor 4  00 

Gas 1  55 

Insurance  premiums 24  00 

Lantern  at  lecture 8  50 

Engrossing  diplomas 9  00 

Taxes 2  70 

Bank  Exchanges 10 

Rent  safe  deposit  box 5  00        1,269  97 

1904,  March  26th.    Cash  Balance $    215  49 

LIFE  MEMBERSHIP   FUND. 

1903,  March  29th.    Cash  Balance $1,703  95 

Received  from  General  Fund 50  00 

Interest  for  1903 56  67 

$1,810  62 
Less  transfer  to  General  Fund  (interest) 56  67 

1904,  March  26th.    Cash  Balance $'»753  95 
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ALEXANDER   MONTGOMERY   LIBRARY   FUND. 

1903,  March  29th.    Cash  Balance $1,515  14 

Interest  for  1903 48  33 

51,5^3  47 
Less  expenditures: 

A  strophysical  Journal,  2  Nos $100 

Astronomischer  Jahresbericht,  Vols.  II  and  III 981 

Hicks-Judd  Co.,  binding 66  13 

Himmel&  Erde,  Vo\.  Ill 75 

Popular  Astronomy,  subscription,  Nos.  m  to  120 2  50 

Astronomical  Journal,  Vols.  20,  21,  22 9  75 

Astronomische  Nachrichlcn,  Vols.  159.  160,  161 7  92 

Checking  card  catalogue  and  card  index 10  00 

Preparing  Manuscript  Catalogue  of  bound  books 4000            14786 

1904,  March  26th.    Cash  Balance $1,415  61 

DONOHOE  COMET -MEDAL  FUND. 

1933,  March  29th.    Cash  Balance 5705  58 

Interest  for  1903 23  30 

$728  88 
Less  engraving  medals  Nos.  43,  44,  45.  and  postage 4  53 

1904,  March  26th.    Cash  Balance $724  35 

BRUCE  MEDAL  FUND. 

1903,  March  29th.    Cash  Balance $2,548  79 

Interest  for  1903 79  64 

$2,628  43 
Less  remittance  to  A.  Dubois,  Paris,  (fifth  award) :oi  95 

1904,  March  26th.    Cash  Balance $2,526  4$ 

JOHN    DOI.BEER    FUND 

!■>'•;,.  March  50th.      Payment  l»v  r.rneral  Fund 5>,o.-- 

Interest  for  iw<>3 Ic-  -_. 

1.<jns  transfer  to  General  Fund  (ititerot ) x    :  -, 

1 '.^-,4,  March  v\\\.     Cash  Balance ...  J^    .-,,-,  c0 
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FUNDS. 

Balances  as  follows: 

General  Fund: 

with  Donohoe- Kelly  Banking  Co $215  49 

Life  Membership  Fund: 

with  San  Francisco  Savings  Union $    303  95 

"     German  Savings  and  Loan  Society 250  00 

"     Hibernia  Savings  and  Loan  Society 200  00 

South  Pacific  Coast  Railway  Co.,  1st  Mortgage  4%   guaranteed 

(by  S.  P.  Co.)  $1,000  Gold  Bond,  No.  3,406 1,00000     1,753  95 

(Principal  due  July  1,  1937;  interest  Jan.  :  and  July  1.)    

Alexander  Montgomery  Library  Fund: 

with  San  Francisco  Savings  Union $    165  89, 

"    German  Savings  and  Loan  Society 138  06 

"     Hibernia  Savings  and  Loan  Society 71  66 

Oakland  Transit   Consolidated,   1st  consolidated    Mortgage   5/ 

$1,000  Gold  Bond,  No.  4,328 1,040  00     1,415  61 

(Principal  due  July  i,  1932;   interest  Jan.  1  and  July  1.) 

Donohoe  Comet- Medal  Fund: 

with  San  Francisco  Savings  Union $  224  64 

"     German  Savings  and  Loan  Society 245  26 

"     Hibernia  Savings  and  Loan  Society 254  45        724  35 

Bruce  Medal  Fund: 

with  San  Francisco  Savings  Union $    215  49 

"     Security  Savings  Bank 159  11 

"     German  Savings  and  Loan  Society 162  16 

Bay   Counties  Power  Co.,   1st  consolidated  Mortgage  5X  $1,000 

Sinking  Fund  Gold  Bond,  No.  1,636 1,01250 

(Principal  due  Sept.  1,  1930;   interest  Mar.  1  and  Sept.  1.) 
The  Edison  Electric  Co.,  Los  Angeles,  1st  and  Refunding  Mort- 
gage 5  ,  $1,000  Gold  Bond,  No.  168 977  22     2,526  48 

(Principal  due  Sept.  1,  1922;   interest  Mar.  1  and  Sept.  1.) 

John   Dolbeer  Fund: 

with  Union  Trust  Co 570  28 

"     Mutual  Savings  Bank 400  00 

South   Pacific  Coast  Railway  Co.,  1st  Mortgage  4%   guaranteed 

(by  S.  P.  Co.)  $1,000  Gold  Bond,  No.  3,407 1,000  00 

(Principal  due  July  1,  1937;   interest  Jan.  1  and  July  1.) 

Oakland   Transit    Consolidated,   1st   consolidated   Mortgage  5^ 

$1,000  Gold  Bond,  No.  4,329 1,040  00 

(Principal  due  July  1,  1932  ;   interest  Jan.  1  and  July  1.) 

Bay  Counties   Power  Co.,  1st  consolidated   Mortgage  5%  $1,000 

Sinking  Fund  Gold  Bond,  No.  1,637 1.012  50 

(Principal  due  Sept.  1,  1930;  interest  Mar.  1  and  Sept.  1.) 

The  Edison  Electric  Co.,  Los  Angeles,  1st  and  Refunding  Mort- 
gage sZ  $1,000  Gold  Bond,  No.  169 977  22     5,000  00 

(Principal  due  Sept.  1,  1922;   interest  Mar.  1  and  Sept.  1.) 

$",635  88 

San  Francisco,  March  26,  1904. 

F.  R.  ZIEL,  Treasurer. 
Examined  and  found  correct. 

Cm  as.  S.  Cushing,    (   A     ...         „         ... 

\  Auditing  Committee. 
Daniel  Suter,         ' 

The  report  was,  on  motion,  accepted  and  filed. 
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The  Committee  appointed  to  audit  the  Treasurer's  accounts  reported 
as  follows,  and  the  report  was,  on  motion,  accepted  and  adopted: — 

San  Francisco,  Cal.,  March  26,  1904. 
To  the  President  and  Members  of  the  Astronomical  Society  of  the  Pacific : 

Gentlemen  — Your  committee  appointed  to  audit  the  accounts  of  the  Treasurer  for 
the  fiscal  year  ending  March  26,  1904,  has  made  a  careful  examination,  and  found  the 
same  to  be  correct.  Respectfully  submitted, 

Chas.  S.  Cushing,  j  Auduing  committee. 
Daniel  Suter,        ' 

The  President  then  read  his  annual  address  awarding  the  Bruce 
Medal  for  the  year  1904,  to  Sir  William  Huggins  for  distinguished 
services  to  Astronomy. 

Dr.  Townley  gave  an  account  of  the  work  being  done  at  the  Latitude 
Observatory  at  Ukiah. 

The  following  resolution  was,  on  motion,  adopted: — 

Resolved,  That  all  the  acts  appearing  in  the  minutes  of  the  meetings  of  the  Board  of 
Directors  of  this  Society,  as  having  been  done  by  said  Board  during  the  past  fiscal  year, 
are  here  now,  by  this  Society,  approved  and  confirmed. 

Adjourned. 
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Minutes  of  the   Meeting  of  the   Board  of   Directors, 

held   in   the   rooms   of   the   society, 

March  26,  1904,  at  9:30  p.m. 

The  new  Board  of  Directors  was  called  to  order  by  Mr.  Leuschner. 
A  quorum  was  present.    The  minutes  of  the  last  meeting  wfere  approved. 

The  first  business  in  hand  being  the  election  of  officers  for  the 
ensuing  year,  the  following  officers,  having  received  a  majority  of  the 
votes  cast,   were  duly  elected: — 

President:  Mr.  Geo.  C.  Edwards. 

l-'irst   I'icc-Presidcnt:     Mr.   S.    D.   Townley. 

Second  I' ice-President:    Mr.  Chas.  S.  Cushing. 

Third  lice-President:    Mr.  A.  O.  Leuschner. 

Secretaries:    Messrs.  R.  G.  Aitken  and  F.  R.  Ziel. 

Treasurer:     Mr.  F.  R.  Ziel. 

The  President  was  authorized  to  appoint  the  standing  committees 
of  the  Society,  and  made  the  following  selections : — 

Committee   on    the   Comet-Medal:     Messrs.    Campbell    (cx-ofRcio), 

PlERSON,     BURCKHALTER. 

Library  Committee:  Messrs.  Townley,  Babcock,  Miss  O'Halloran. 

Mr.    Townley  was  appointed  Librarian. 

Finance  Committee:  Messrs.  Cushing  (Chairman),  Pierson, 
Leuschner. 

The  Committee  on  Publication  is  composed  of:  Messrs.  R.  G. 
Aitken  (Chairman),  Frank  Schlesinger,  S.  D.  Townley. 

The  Board  of  Directors  is  composed  of:  Messrs.  Aitken,  Burck- 
h alter,  Campbell,  Crocker.  Cushing,  Edwards,  Leuschner,  Pardee, 
Pierson,  Townley,  and  Ziel. 

The  following  resolutions  were,  upon  motion,  duly  adopted: — 

Resolved,  That  the  income  from  the  John  Dolbeer  Fund  be  in  future  devoted  to  specific 
purposes,  and  that  it  shall  become  available  only  through  a  resolution  duly  adopted  at  a 
regular  or  special  meeting  of  the  Board  of  Directors;  provided,  however,  that  the  income 
for  the  fiscal  year  1904-1905  be  devoted  to  the  Publications  of  the  Society,  and  that  an 
acknowledgment  to  the  Dolbeer  Fund  be  printed  in  the  Publications. 

Resolved,  That  the  amount  to  be  withdrawn  from  the  General  Fund  or  publication 
purposes  during  the  fiscal  year  1904-1905  shall  not  exceed  the  sum  of  $500. 

Resolved,  That  the  names  of  the  members  of  the  Committee  on  Publication  be  printed 
on  the  inside  of  the  front  page  of  the  cover  of  the  Publications* 

Resolved,  That  the  new  catalogue  of  the  bound  books  be  published  as  the  August 
number  of  Vol.  XVI  of  the  Publications. 

Resolved,  That  the  name  of  the  Socitftd  Beige  d'Astronomie,  of  Brussels,  Belgium,  be 
placed  on  the  list  of  corresponding  institutions. 

Resolved,  That  the  opening  of  the  safe  deposit  box  of  the  Society  with  the  California 
Safe  Deposit  and  Trust  Co.  be  intrusted  to  the  following  committee  of  two  members  of  the 
Board  of  Directors,  jointly,  namely,  F.  R.  Zikl  (Secretary),  and  Chas.  S.  Cushing  (Chair- 
man of  the  Finance  Committee),  and  that  the  California  Safe  Deposit  and  Trust  Co.  shall 
he  officially  notified  of  any  change  in  the  names  of  the  Committee,  in  writing,  by  the 
President  and  Secretary,  under  the  seal  of  the  Society. 

Adjourned. 
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OFFICERS   OF   THE   SOCIETY. 

Mr.  Geo.  C.  Edwards President 

Mr.  S.  D.  Townlky Fust    Vice-President 

Mr.  Chas.  S.  Cushing Second  Vice-President 

Mr.  A.  O.  Leuschner Third  Vice-President 

Mr.  R.  G.  Aitken    /  .      . 

Mr.  F.  R.  Ziel         | Secretaries 

Mr.  F.  R.  Ziel Treasurer 

Board  of  Directors — Messrs    Aitken,  Burckhalter,  Campbell,  Crocker.  Cushing, 

Edwards,  Leuschner,  Pardee,  Pierson,  Townley,  Ziel. 
Finance  Committee — Messrs.  Cushing,  Pierson,  Leuschner. 
Committee  on  Publication — Messrs  Aitken,  Schlesinger,  Townley. 
Library  Committee— Messrs.  Townley,  Babcock.  Miss  O'Halloran. 
Committee  on  the  Comet-Medal—  Messrs. Campbell  (ex-offi cio),  Pierson,  Burckhalter. 

OFFICERS  OF  THE  CHICAGO  SECTION. 

Executive  Committee— Mr.  Ruthven  W.  Pike. 

OFFICERS  OF  THE  MEXICAN  SECTION. 
Executive  Committee— Mr.  Felipe  Vallh. 


NOTICE. 

The  attention  of  new  members  is  called  to  Article  VIII  of  the  By-Laws,  which  provides 
that  the  annual  subscription,  paid  on  election,  covers  the  calendar  year  only.  Subsequent 
annual  payments  are  due  on  January  ist  of  each  succeeding  calendar  year.  This  rule  is 
necessary  in  order  to  make  our  book  keeping  as  simple  as  possible.  Dues  sent  by  mail 
should  be  directed  to  Astronomical  Society  of  the  Pacific,  819  Market  Street,  San  Francisco. 

It  is  intended  that  each  member  of  the  Society  shall  receive  a  copy  of  each  one  of  the 
Publications  for  the  year  in  which  he  was  elected  to  membership  and  for  all  subsequent 
years.  If  there  have  been  (unfortunately)  any  omissions  in  this  matter,  it  is  requested  that 
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A    BRIEF   REVIEW   OF   RECENT   PROGRESS   IN 
SOLAR   PHYSICS. 


By  Heber  D.  Curtis. 


Annales  l'Observatoire  d'Astronomie  Physique  de  Paris, 
sis  Parc  a  Meudon.    Tome  I,  1896. 

—  Atlas  des  Photographies  Solaires.    Tome  I,  1903. 

The  Rumford  Spectroheliograph  of  the  Yerkes  Observa- 
tory. Publications  of  the  Yerkes  Observatory,  Vol.  Ill, 
Part  I,  1903. 

Annals  of  the  Astrophysicai.  Observatory  of  the  Smith- 
sonian Institution.    Vol.  I,  1900. 

Intensite  de  la  Radiation  Solaire  a  Differentes  Alti- 
tudes. Recherches  faites  a  Teneriffe  1895  et 
1896  par  Knut  Angstrom.  Nova  Acta  Reg.  Sec.  Sci- 
cnt.    Upsalicnsis  XX,  fasc.  I,  1901. 

Report  of  the  Committee  on  Southern  and  Solar  Obser- 
vatories.    Published  by  the  Carnegie  Institution,  1903. 

Although  the  researches  covered  by  these  superbly  printed 
volumes  in  some  cases  reach  back  twenty  years  or  more,  the 
recent  publication  of  the  results  secured  may  warrant  a  brief 
resume  of  the  progress  recorded  in  these  epoch-marking  mono- 
graphs. 

It  is  a  far  cry  from  the  first  daguerreotype  of  the  Sun,  made 
in  1845  by  Fizeau  and  Foucault,  to  the  great  plates  of  the 
Meudon  folio,  photographed  for  the  most  part  on  a  scale  of 
om.3o  to  the  Sun's  diameter  and  enlarged  to  a  solar  diameter 
of  im.2Q.     In  the  volume  of  the  Annals  the  plates  have  been 
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enlarged  to  a  solar  diameter  of  om.894;  and  as  the  plates 
given  in  the  Atlas  cover  the  same  general  ground  and  the 
letter-press  is  practically  a  reprint  of  that  in  the  Annals,  it  is 
possible  that  many  will  consider  the  partial  duplication  of  work 
in  the  Atlas  an  expenditure  not  warranted  by  the  additional 
results  made  accessible.  There  can  be  no  question,  however, 
as  to  the  beauty  of  this  fine  folio,  or  the  excellence  of  its 
great  prints,  nearly  eighteen  by  twenty-one  inches  in  size. 
The  photographs  were  secured  with  a  telescope  and  lens  by 
Prazmovvski,  om.i3S  (5.3  in.)  in  aperture,  described  by  M. 
Janssen  as  of  rare  optical  perfection.  In  the  taking  of  the 
plates  of  this  series  as  large  as  possible  a  measure  of  mono- 
chromatism  was  sought  for.  This  result  has  been  achieved 
by  careful  choice  and  figuring  of  the  glass  of  the  lens  to  secure 
a  sharply  defined  maximum  of  photographic  effect  near  G. 
In  like  manner  the  collodion  plates  employed  were  composed 
from  formulae  found  by  experiment  to  give  a  similar  maximum, 
quite  limited  in  extent,  at  the  same  region  of  the  spectrum, 
and  great  pains  were  taken  and  special  precautions  employed 
in  the  manufacture  of  the  collodion  emulsion  to  secure  plates 
of  exceeding  fineness  of  grain.  The  negatives  were  generally 
on  a  scale  of  om.3o,  though  sometimes  om-50,  or  even  om.7o, 
was  employed.  Some  of  the  plates  show  a  sharpness  and  fine- 
ness of  detail  which  it  would  he  difficult  to  improve.  lMate> 
1,  III.  XIX,  and  XXI  are  unusually  good.  The  average  >ize 
of  the  granulations  is  from  one  to  two  seconds  of  arc.  though 
not  infrequently  details  can  he  seen  measuring  not  more  than 
one   fourth   to  one  third  of  a  second. 

One  of  the  more  important  of  M.  Jansskn's  result^,  aside 
from  the  granular  structure  itself  and  the  relegation  ,  ,f 
willow-leaf"  to  the  limbo  of  discarded  theorv.  is  the  fact 
that  the  granular  structure  generally  persists  1*114 hi  UV  to  the 
visually  much  brighter  edi^e  of  spots  and  through  the  >tri.e 
of  spot  penumbne.  Moreover,  there  seems  to  be  no  essential 
difference  in  the  granulations  at  the  poles  as  compared  with  the 
central  regions.  Manv  of  the  plates  show  quite  plainlv  th< 
so-called  irsciiu  pluiti^sphcr'njuc,  or  network,  iti  which  the-e 
granulations  are  frequently  arranged,  generally  of  a  roughlv 
pol_\o-onal  form.  The  nature  of  the  granulations  seems  to  be 
entirely    analogous    to    roughly    spherical   clouds    floating    in    a 
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less  luminous  medium.  Janssen  estimates  that  were  the 
entire  solar  surface  of  the  same  radiating  power  as  the  gran- 
ulations the  intensity  of  the  solar  radiation  would  be  quin- 
tupled. The  rescau  Janssen  holds  to  be  a  result  of  different 
stages  in  the  development  of  the  granulations.  The  solar 
surface  is  composed  of  sections  relatively  quiescent  while  adja- 
cent regions  are  in  a  condition  of  great  activity.  This  can 
be  seen  easily  in  Figure  1,  which  is  a  small  section  of  Plate 
IX  of  the  Atlas,  on  nearly  the  same  scale.  Where  the  regions 
of  quiescence  obtain  the  granulations  are  sharp  and  well- 
defined.  In  adjacent  regions  of  greater  activity  the  separate 
grains  merge  into  a  more  or  less  confused  whole,  the  sum 
total  giving  the  effect  of  a  network  or  pattern.  Sometimes 
the  figures  of  the  "  pattern  "  are  much  smaller  than  at  others, 
and  at  times  they  may  be  a  minute  of  arc  or  more  in  diameter. 
In  Figure  2,  taken  from  Plate  XXI,  the  network  is  wanting, 
and  the  granulations  are  very  well  defined  and  show  an 
approximately  spherical  form. 

M.  Janssen's  theory  of  the  rescau  photosphcriquc  has  been 
given  here,  although  it  has  more  than  once  been  called  in  ques- 
tion. It  has  been  pointed  out  that  this  phenomenon  may  instead 
be  produced  in  our  own  atmosphere,  or  even  within  the  tele- 
scope itself.  It  has  often  been  asked  why  two  photographs 
could  not  be  taken  very  close  together  to  settle  this  objection 
once  for  all  (cf.,  among  others,  Langley,  Amer.  Jour.,  XV., 
pp.  297  ff.).  This  may  be  more  difficult  than  it  seems,  as  the 
conditions  of  good  seeing  necessary  for  a  perfect  plate  are 
generally  very  brief.  But  it  would  seem  to  be  possible  to  take 
two  such  plates,  and  that  even  if  one  was  of  inferior  quality, 
definite  evidence  as  to  the  true  solar  character  of  the  rescau 
might  be  secured.  No  more  recent  statement  of  this  hypothe- 
sis is  given  in  these  volumes  than  M.  Janssen's  original  an- 
nouncement of  discovery  made  in  1877  and  reprinted  in  both 
the  Annals  and  the  Atlas.  In  view  of  Dr.  Hale's  experiences 
with  brief  intervals  of  poor  seeing  in  his  spectroheliographic 
work  and  Professor  Langley's  experiments  on  improved  im- 
ages secured  by  mechanical  stirring  of  the  air  in  the  telescope- 
tube  or  immediately  in  front  of  the  lens,  the  solar  character  of 
the  rescau  would  seem  to  be  open  to  doubt  till  absolutely 
confirmed  by  consecutive  exposures  at  brief  intervals. 
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The  Meudon  photographs  are  to 
monochromatic,  as  they  are  taken  wit 
and  sharply  limited  portion  of  the  spec 
perhaps  the  highest  present  developmei 
solar  surface  from  methods  purely  photoj 
In  the  researches  of  Dr.  Hale  an 
Ellerman,  we  have  this  principle  of  m 
to  its  logical  conclusion,  and  with  the  a 
graph  it  is  now  possible  to  take  photog: 
face  in  light  which  is  purely  monochn 
of  the  instrument,  though  well  known, 
in  this  resume ;  it  is  most  simple  in  theoi 
but  must  require  a  very  high  degree  of  , 
be  termed  instrumental  ability  for  the  se 
photographs  shown  in  the  fine  plates  of 
curved  slit  admits  light  to  a  powerful  s] 
a  combination  of  grating  and  prisms  t 
high  dispersion  and  freedom  from  diff 
resulting  spectrum  a  given  line  is  segr 
second  slit,  behind  which  is  placed  tl 
This  arrangement  would  then  give  a  pi 
line  on  the  solar  surface  in  light  of  the  cl 
secure  the  photograph  of  an  area  or  of  t\ 
Sun's  inia^e  must  be  made  to  travel  acr 
the  photographic  plate  is  made  to  tray 
in  synchronism  with  the  movement  oi  t 
Loves  th.e  entire  area  in  li^ht  which  is 
and  furnishes  a  powerful  method  i)i  re 
n«>t  at  all  to<»  much  to  say  that  no  more 
studv  (>t  the  Sun's  surface  has  ever  heel 
successive  |)h<  >t<  graphs  can  he  taken  in 
stance  at  dilterent  waved' n^ths,  or  eve 
«  f  a  broad  band,  astrophysics  has  ^aiiu 
it  may  well  be  predicted  that  not  a  littl 
be  thrown  on  more  general  physical  ai 
gained  from  the  behavior  of  matter  in 
who>e  conditions  we  can  never  hope  to 
purely  terrestrial. 

The  volume  Loves  a  description   of  tl 
to  heli<^raph.  much  more  powerful  thai 
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With  light    from   the  lower   K,   U-wl. 


lrtccRE  4.— The   same   Flocculi   photogri] 

with   light   from  the  K,  level. 
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instruments,  and  a  statement  of  the  results  thus  far  secured. 
By  this  method  Dr.  Hai.e  has  taken  numerous  photographs 
by  the  light  from  different  portions  of  the  H  and  K  bands, 
the  calcium  line  at  A  4226  and  H^.  Attempts  have  also 
been  made  to  use  some  of  the  stronger  iron  lines,  but  for  this 
latter  purpose  it  is  found  that  a  more  powerful  equipment  will 
be  needed. 

In  general  the  calcium  "  flocculi  "  photographed  with  light 
from  H  and  K  are  of  dimensions  about  the  same  as  those 
of  the  granulations  on  the  Meudon  photographs,  and  are  prob- 
ably different  views  of  the  same  formation.  But  the  greatest 
interest  attaches  to  the  photographs  made  in  light  of  different 
wave-lengths  of  the  same  substance.  Marked  differences  are 
found,  according  as  the  calcium  flocculi  are  photographed  in 
light  of  the  H  and  K  bands  at  their  broadest,  called  by  the 
authors  Hj  and  Klr  or  in  their  narrowed  state  as  they  appear 
in  the  lower  levels  of  the  chromosphere  (H2.  K2).  Eventually 
it  is  hoped  to  be  able  to  secure  impressions  with  these  lines  in 
their  still  narrower  state  as  they  appear  in  the  upper  chromo- 
sphere and  prominences  (H:{,  K3).  It  will  be  noted  in 
Figures  3  and  4  that  the  photograph  from  light  at  the  K2 
level  shows  the  flocculi  spread  over  a  much  greater  area  than 
the  plates  taken  at  the  lower  levels  of  Kr  Undoubtedly  these 
differences  are  due  to  the  fact  that  these  photographs  represent 
different  levels  of  the  calcium  vapor  in  the  flocculi.  We  get, 
then,  in  effect,  several  cross-sections  of  a  flocculus,  and  in 
general  the  evidence  points  to  a  "  structure  composed  of  ex- 
panding columns  of  calcium  vapor."  Considerable  differences 
have  likewise  been  found  between  photographs  made  with 
H  and  K  light,  as  compared  with  those  taken  from  the  calcium 
line  at  A  4226.9  —  differences  which  the  authors  prefer  to 
leave  for  tests  with  more  powerful  apparatus  to  explain.  Dark 
calcium  flocculi  have  also  been  photographed.  The  photo- 
graphs taken  with  light  from  the  hydrogen  line  at  H^  show- 
that  the  flocculi  due  to  this  element  are  in  general  dark,  though 
bright  in  exceptional  cases.  The  hope  is  expressed  that  with 
a  larger  solar  image  and  higher  dispersion  it  may  later  be 
possible  to  photograph  the  hydrogen  flocculi  at  different  levels 
as  has  already  been  done  for  calcium. 

It  would  be  futile  to  try  to  estimate  the  importance  of  this 
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advance  in  methods  for  the  study  of  all  solar  eruptive  phenom- 
ena. It  is  not  improbable  that  much  evidence  will  eventually 
be  secured  on  theories  of  dissociation  and  chemical  combination 
in  fields  but  remotely  connected  with  astronomical  science. 
The  essentials  for  future  progress  in  photoheliographic  work 
are  a  larger  solar  image,  greater  dispersion  in  the  instrument, 
and,  most  important,  good  day  conditions  of  "  seeing/'  require- 
ments which  are  now  being  secured. 

No  outline  of  recent  progress  in  solar  physics  would  be 
complete  without  reference  to  the  bolometric  work  of  the 
Astrophysical  Observatory  of  the  Smithsonian  Institution.  As 
in  the  case  of  some  of  the  other  volumes  noted  in  this  sum- 
mary, inasmuch  as  the  work  covered  dates  back  over  twenty 
years  to  its  inception  by  Professor  Langley,  it  might  be  more 
fitting  to  regard  it  as  a  recently  erected  landmark  of  past 
progress.  Under  Professor  Langley  at  Allegheny  and  the 
Smithsonian  Institution,  and  later  in  the  skilled  hands  of 
Abbot,  the  original  bolometer  has  been  improved  with  the 
use  of  prisms  of  rock-salt,  constant-temperature  control,  almost 
automatic  photographic  registration  of  results,  and  galva- 
nometers of  the  most  extreme  sensitiveness,  till  the  infra-red 
spectrum  has  been  mapped  from  A  7600,  the  limit  of  the  visual 
spectrum,  to  A  53000.  a  stretch  of  previously  unknown  spectro- 
^raphic  territory  ei^lit  times  as  lar^e  as  all  that  had  been  known 
before.  Aside  from  its  purely  theoretical  interest,  the  study 
of  this  Ion 54-  stretch  of  invisible  solar  thermal  radiation,  the 
determination  of  the  circumstances  of  its  absorption  by  mir 
atmosphere,  and  its  possible  variations  during  a  sun-spot  peri<u.l 
are  questions  of  the  highest  economic  importance. 

In  this  connection  the  observations  ^\  the  solar  constant 
made  Mmultaneouslv  at  different  altitudes  on  the  island  of 
Teiieriffc  bv  A  nos'i  rum  are  of  interest.  His  work  is  noted  here 
not  because  of  anv  novelty  in  the  results,  for  other  similar 
investigations  have  been  carried  out,  but  because  in  the  employ- 
ment of  the  compensation  p\  rheliometer  devised  by  him  we 
have  what  will  probablv  prove  to  be  a  very  distinct  advance 
over  former  instrumental  means  for  determining  the  solar 
constant.  Though  described  in  the  l/psala  publications  and 
also  in  the  .  IstrcphysiCiiI  Journal  (  Vol.  IX,  pp.  300  ff.  ».  a 
brief  outline   of   its   principle   may  not   be   out   of   place.      Two 
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precisely  similar  blackened  strips  of  platinum  are  connected 
with  the  terminals  of  a  thermopile.  One  of  these  strips  is 
exposed  to  the  rays  of  the  Sun.  the  other  is  covered  by  a 
screen.  The  rise  in  temperature  in  the  exposed  strip  is  com- 
pensated in  the  screened  strip,  and  at  the  same  time  measured, 
by  electrically  heating  it  the  same  amount,  the  thermopile,  in 
connection  with  the  employment  of  delicate  electrical  meas- 
uring devices,  forming  a  very  sensitive  thermal  balance.  As 
the  strip  which  receives  the  radiation  is  under  precisely  the 
same  conditions  as  the  strip  which  measures  the  amount  of  the 
radiation,  many  troublesome  corrections  are  obviated  and 
the  speed  of  the  determinations  is  very  much  higher  than  in 
other  forms,  a  few  seconds  instead  of  three  to  five  minutes 
or  longer. 

Plans  for  the  future  are  frequently  the  best  norm  of  past 
progress.  The  Report  of  the  Committee  of  the  Carnegie  Insti- 
tution on  Southern  and  Solar  Observations  is  a  most  clear, 
definite,  and  straightforward  presentation  of  the  most  pressing 
present-day  problems  in  astronomy  and  astrophysics.  The 
report  makes  very  interesting  reading,  and  it  gives  indirectly, 
through  its  plans  for  future  work,  a  clear  conspectus  of  the 
present  boundaries  in  these  sciences.  Astronomers  cannot 
fail  to  feel  that  the  committee  has  wisely  and  without  bias 
chosen  the  most  fruitful  lines  for  future  research  in  astronomy 
and  astrophysics ;  this  the  more,  as  the  report  is  in  many  ways 
a  summation  of  the  opinions  of  the  leaders,  both  American 
and  foreign,  in  these  sciences.  An  appendix  is  devoted  to 
these  opinions  in  the  form  of  letters  written  to  the  committee, 
and  they  show  on  the  whole  great  unanimity. 

The  recommendations  for  the  solar  observatory  contemplate 
a  main  station  and  two  substations.  At  the  main  station,  aside 
from  researches  on  stars  and  nebulae,  the  solar  work  will  be 
limited  to  two  or  three  definite  lines  of  research. 

( 1 )  "  Frequent  measurement  of  the  solar  constant,  together 
with  studies  on  the  absorption  of  the  solar  atmosphere  and  the 
radiation  of  different  portions  of  the  Sun's  image,  such  as 
spots,  facuke,  and  prominences.  The  principal  instruments 
needed  for  this  research  are  a  16-inch  ccelostat  and  a  large 
spectrobolometer  for  the  solar  constant  work,  and  a  30-inch 
ccelostat  with  concave  mirror  of  about  200  feet  focal  length, 
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for  providing  a  solar  image  suitable  for  detailed  radiation 
work." 

(2)  "  Systematic  observations,  with  large  spectrographs 
and  spectroheliographs,  on  such  problems  as  the  solar  rota- 
tion, the  structure  and  nature  of  sun-spots,  facuhe,  etc.,  and 
other  problems  related  to  the  solar  constitution.  For  this  work 
there  will  be  required  two  30-inch  coelostats,  used  in  conjunc- 
tion with  objectives  and  mirrors  ranging  in  focal  length  from 
64  feet  to  200  feet ;  two  large  plane-grating  spectroscopes, 
having  focal  lengths  of  about  21  feet  and  42  feet  respectively, 
provided  with  auxiliary  for  work  with  the  spark  and  arc ; 
a  three  prism  spectroheliograph  of  about  10  inches  aperture, 
and  a  three-prism  spectroheliograph  of  8  inches  aperture  and 
about  33  feet  focal  length." 

Great  care  has  been  taken  that  no  mistake  should  be  made 
in  the  selection  of  the  site  for  this  important  station,  and  in  an 
appendix  is  given  the  full  and  interesting  report  of  Professor 
W.  J.  Hussey's  thorough  search  for  the  best  conditions  of 
seeing  obtainable  at  several  elevated  sites  in  Southern  Cali- 
fornia and  Arizona.  In  the  use  of  a  large  solar  image,  which 
is  so  essential  to  further  progress  in  spcctroheliographic  work, 
good  day  conditions  are  absolutely  required.  Professor 
Hcsskv's  investigations  show  that  Mt.  Wilson,  near  Pasadena, 
is  possessed  <>f  unusuallv  favorable  condition.*-  of  seeing,  both 
bv  (lav  and  bv  night.  Professor  IlrssiVs  further  report  on 
his  search  for  suitable  sites  in  Australia  will  be  awaited  with 
great  interest. 

It  is  gratifying  to  be  able  to  add.  in  >ni  pros  report-,  that 
I  )r.  Mali-:  has  been  given  a  preliminary  grant  of  $10,000  bv 
the  ('arnegie  Institution,  and  that  he.  with  two  assistants,  is 
now  installing  the  Snow  horizontal  telescope  (>t  the  Wrk<  > 
<  >bservatorv  and  other  apparatus  at  ihe  summit  of  Mt.  Wilson. 

The  two  projected  substations  are  to  be  devoted  primarily 
to  the  determination  of  the  solar  constant  at  different  altitudes. 
and  its  possible  variation,  together  with  researches  on  atmos- 
pheric absorption.  The  instruments  needed  would  be  the  same 
at  each  station,  a  lO-inch  oclostat  and  spectrobolonieter  for 
the  solar-constant  work.  (  me  station  will  be  located  on  as 
high  a  mountain  as  will  be  found  practicable  and  the  other  at 
its  base.      Mt.  Whitiicv  has  been   suggested  as  a  very   favorable 
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site,  but  this  point  will  be  investigated  further  before  any 
definite  recommendation  is  made  as  to  the  location  of  the  sub- 
stations. It  is  purposed  to  continue  the  work  at  the  main 
station  throughout  at  least  one  sun-spot  period,  and  for  two 
or  three  summers  at  the  two  substations. 

With  the  foresight  and  thoroughness  with  which  the  com- 
mittee has  made  its  plans  and  preliminary  investigations  as  an 
earnest  of  the  wise  future  administration  of  its  trust,  with 
the  powerful  equipment  for  which  these  recommendations 
call,  and  with  plans  founded  on  the  notable  advances  of  the 
past  twenty  years,  astrophysicists  may  well  hope  for  a  decade 
of  unparalleled  progress  in  the  field  of  solar  physics. 


PLANETARY    PHENOMENA    FOR    JULY    AND 
AUGUST,    1904. 


By  Malcolm  McNeill. 


PHASES   OF  THE   MOON,    PACIFIC  TIME. 


Last  Quarter,  July     5,  8h54mp.M. 

New  Moon,         44     12,  9  27    p.m. 

First  Quarter,     "     19,  1249    p.m. 

Full  Moon,          "27,  1  42   a.m. 


Last  Quarter,  Aug.    4,  6b   3»a.m. 

New  Moon,         "    11,  4  58   am. 

First  Quarter,      "     17,  8  27    p.m. 

Full  Moon,          "     25,  5     2    p.m. 


The  Earth  is  in  aphelion  July  4th,  5  p.m.,  Pacific  time. 

Mercury  is  a  morning  star  on  July  1st,  too  near  the  Sun 
to  be  seen,  rising  about  three  quarters  of  an  hour  before  sunrise. 
It  rapidly  approaches  the  Sun,  passes  superior  conjunction,  and 
becomes  an  evening  star  on  July  9th.  By  August  1st  it  has 
receded  far  enough  from  the  Sun  to  set  rather  more  than  an 
hour  after  sunset,  and  this  interval  does  not  change  very  much 
until  after  the  middle  of  the  month.  It  reaches  greatest  east 
elongation  on  the  evening  of  August  19th.  Its  apparent  dis- 
tance from  the  Sun  will  then  be  270  24'.  This  elongation  is 
much  greater  than  the  average  greatest  elongation,  since  the 
planet  passed  its  aphelion  on  August  17th,  only  two  days 
before.    After  passing  greatest  elongation  the  planet  approaches 
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the  Sun  quite  rapidly,  and  at  the  end  of  the  month  it  sets  about 
half  an  hour  after  sunset.  It  is  in  close  conjunction  with  Mars 
on  the  morning  of  July  2d,  but  both  bodies  are  almost  too 
near  the  Sun  for  observation  at  that  time.  Also,  it  is  in 
conjunction  with  Venus  only  ten  hours  after  passing  conjunc- 
tion with  the  Sun. 

Venus  is  a  morning  star  too  near  the  Sun  to  be  easily  seen 
on  July  1st.  It  comes  to  superior  conjunction  July  7th,  11  p.m., 
Pacific  time.  It  then  becomes  an  evening  star,  and  will  remain 
so  until  the  following  spring.  Its  apparent  distance  from  the 
Sun  increases  rather  slowly,  and  its  path  among  the  stars  tends 
toward  the  south;  so  the  interval  between  the  setting  of  the 
Sun  and  of  the  planet  does  not  grow  very  rapidly.  On  August 
1st  it  is  only  thirteen  minutes,  and  on  August  31st  about  forty 
minutes.  Notwithstanding  its  brightness,  now  at  its  minimum, 
it  will  not  be  easy  to  see  it  with  the  naked  eye  until  nearly 
the  close  of  August.  It  is  in  perihelion  on  July  23d,  but  its 
orbit  is  so  nearly  circular  that  the  difference  between  greatest 
and  least  distance  from  the  Sun  is  less  than  half  a  million 
miles. 

Mars  is  now  getting  far  enough  away  from  the  Sun  to  be 
seen  as  a  morning  star.  On  July  1st  it  rises  about  forty  min- 
utes before  sunrise,  on  August  1st  an  hour  and  a  half  before, 
and  on  August  3  1  s:  will  over  two  hours  before.  During  the 
two  months  it  moves  over  40  eastward  and  o  southward  in 
(/'('/////.'/.  1  hiring  the  middle  and  latter  ]  art  of  August  it  is  a 
few  degrees  south  of  Cash-r  ant!  /\  l/u.v,  a  and  li  ( ,ciu iiu<ntni . 

Jupiter  rises  half  an  horn-  after  midnight  on  July  1st.  and 
bv  the  end  of  August  at  a  little  before  <;  r.M.  It  moves  east- 
ward in  the  eastern  part  of  I'isics  until  August  20th.  about 
3',   and   then   begins  to  move   slowly   westward. 

Silt  urn  rises  before  10  r.M.  on  Jul}'  1st.  and  at  about  5:40 
on  August  3"th.  So  it  is  in  fair  position  for  early-evening 
observation  in  August.  It  conies  to  opposition  with  the  Sun 
on  August  loth,  and  is  then  above  the  horizon  during  the  entire 
night.  During  the  two  months  it  moves  about  4  westward  in 
the  constellation  C\//v/\vr//,  somewhat  east  of  «  and  /i.  the 
principal  stars  of  the  constellation.  1  he  rings  apparently 
widen  out  a  tritle  from  their  minimum  in  June,  on  account 
of   the    Karth's   motion    in    reference   to   their   plane;   but    aside 
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from  this  temporary  increase  in  apparent  breadth,  there  will 
be  a  general  progressive  diminution  until  the  motion  of  the 
planet  brings  the  plane  of  the  rings  into  coincidence  with  the 
Earth. 

Uranus  crosses  the  meridian  shortly  after  11  p.m.,  on  July 
1st,  and  at  7  p.m.  on  September  1st.  So  it  is  in  fair  position 
for  evening  observation.  It  moves  a  little  less  than  20  west- 
ward in  the  western  part  of  Sagittarius,  becoming  stationary 
early  in  September.  No  bright  star  is  near  enough  to  make 
the  planet's  identification  easy. 

Neptune  is  a  morning  object  in  Gemini.  By  the  end  of 
August  it  rises  not  long  after  midnight. 

It  will  be  worth  while  to  look  for  the  annual  Perseid  meteors 
during  the  second  week  in  August.  The  meteors  are  so  scat- 
tered that  we  get  some  every  year,  while  there  is  no  great 
shower  occurring  at  intervals  of  several  years, — or  failing  to 
come  to  time  in  anything  like  its  hoped  for  brilliancy,  as  hap- 
pened with  the  Leonids  a  few  years  ago. 


NOTICES  FROM  THE   LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff* 


The  Obskkvatoky  of  the  D,  Q,  Mills  Expedition  to  Chile. 

The  buildings  and  premises  occupied  by  the  D.  O.  Mills 
Expedition  to  Chile  are  shown  in  the  accompanying  illustra- 
tions. The  station,  on  the  summit  of  San  Cristobal,  is  about 
two  miles  northeast  of  the  center  of  the  city  of  Santiago,  at 
an  elevation  of  2t8oo  feet  above  sea-level,  the  altitude  of  the 
city  being  1,800  feet.  The  city  of  Santiago  is  shown  indis- 
tinctly in  the  background  of  one  of  the  illustrations. 

The  installation  of  the  apparatus  was  completed  last  Octo* 
ber,  and  photographic  results  accumulated  rapidly  during  the 
southern  summer  now  coming  to  a  close.  The  first  installment 
of  spectrum  plates  has  just  been  received  at  Mount  Hamilton, 
where  they  will  be  promptly  measured  and  reduced.  A  few 
spectroscopic  binaries  have  been  already  discovered  as  by- 
products of  the  programme  of  observations. 

\Y.  XV.  Campbell, 


Note  on  £  346  =  Libr.i.  23. 
In  his  General  Catalogue  Burniiam  gives  the  measures 
of  this  double  star  from  discovery  in  1877  to  1888  with  the 
note,  w  No  material  change."  1  have,  however,  secured  two 
measures  recently  which  seem  to  indicate  that  this  pair  is  a 
binary  in  slow  direct  motion.  The  measures  from  1877  to  1888 
arc  rather  discordant,  varying  between  233  and  239/,  with  a 
distance  of  about  1" .2$.  My  recent  measures  give  an  angle  of 
253°.6I  with  distance  1^.35  (1904.36). 


May  27,  1904. 


R.    G.    AlTKENu 


*  Lick  Astronomical  Department  of  the  University  of  California, 
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Elements  of  Comet  a  1904  (Brooks). 
From    observations    on    April    17th    (Aitken),    May    8th 
(Maddrill),  and  May  24th  (Maddrill),  we  have  computed 
the  following  set  of  parabolic  elements  for  this  comet: — 

T=  1904,  March  6.9049,  G.  M.  T. 

»=    53°  27'    i3".») 

ft  =  275    46       05.5   >  Mean  equinox  of  1904.0. 

i=  125    07       33.1  ) 
log  ?  =  0.432475. 
Residuals  (O  -  C);  A  X  cos  /3'—  i".o;  A  /3'+  r.7 

An  ephemeris  based  on  these  elements  is  given  in  Lick  Ob- 
scnatory  Bulletin,  No.  56.  R  G  Aitken. 

May  27,  1904.  J-  D-   MADDRILL. 

Comet  a  1904  (Brooks). 

This  comet  was  discovered  by  Dr.  W.  R.  Brooks  on  the 
night  of  April  16,  1904.  The  telegram  announcing  the  dis- 
covery was  received  here  on  Sunday,  April  17th,  and  the 
comet  was  observed  with  the  12-inch  telescope  the  same  even- 
ing. It  was  found  to  be  a  small  object,  fairly  bright,  about 
ninth  magnitude,  with  a  sharp  nucleus  of  about  the  tenth  mag- 
nitude, and  a  short  brushy  tail  extending  toward  the  south. 

The  preliminary  orbits  that  have  been  computed  for  this 
comet  show  that  it  has  a  greater  perihelion  distance  than  any 
one  of  recent  years  except  Giacobini's  comet  (d  1902),  the 
distance  from  the  Earth  at  the  time  of  discovery  being  nearly 
2.3  astronomical  units.  The  ephemeris  computed  from  the 
elements,  given  on  another  page,  indicates  that  the  comet  will 
remain  visible  in  large  telescopes  as  an  evening  object  through- 
out the  summer  and  autumn  months,  the  brightness  diminish- 
ing but  slowly.  R   G  AlTKEN# 

May  27,  1904. 
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At  Mizusawa  and  at  Carloforte  there  are  two  observers,  so 
that  probably  every  clear  night  is  utilized ;  it  would  appear, 
then,  that  the  Italian  has  twice  as  many  clear  nights  as  the 
Japanese  station.  The  advantage  of  the  Italian  weather  over 
that  of  the  other  stations  is  not  so  great,  however,  as  the 
numbers  would  indicate,  because  there  is  but  one  observer  at 
each  of  the  other  stations,  and  when  such  is  the  case  it  is  not 
possible  to  utilize  every  favorable  night.  The  relatively  small 
number  of  observations  obtained  at  Cincinnati  is  due  to  the 
fact  that  Professor  Porter,  the  observer,  has  other  duties, 
and  give$  only  a  portion  of  his  time  to  latitude  work. 

Provisional  results  for  the  latitude  work  of  1903  have  been 
published  recently  by  Professor  Albrecht  in  the  Astrono- 
mische  Nachrichtcn,  No.  3945.  The  amplitude  of  the  polar 
motion  has  continued  large  throughout  the  year,  and  has  prob- 
ably reached  a  maximum.  The  motion  of  the  Earth's  north 
pole,  from  1899.9  to  ] 904.0,  referred  to  the  mean  position 
of  the  pole  for  1900- 190 1,  is  represented  graphically  in  the 
accompanying  figure,  taken  from  the  number  of  the  Nach- 
richtcn mentioned  above. 


+  0*zr     4  czo      *C9      *ctc      *ccy        C£c      -cos       ao        csr      -eio        oxr 
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It  is  of  interest  to  note  that  Professor  Milne's  suggestion, 
made  as  far  back  as  1893,  that  earthquakes  may  be  one  of  the 
chief  causes  of  the  displacement  of  the  Earth's  poles,  is  yearly 
receiving  statistical  evidence  for  its  support.  (See  article  by 
M.  A.  de  Lapparent  in  La  Nature  for  April  16th,  or  transla- 
tion in  Literary  Digest  for  May  14th.)  Some  time  ago  Pro- 
fessor Milne  prepared  a  table  showing  the  proportionality 
between  the  number  of  violent  earthquakes  and  the  amplitude 
of  the  polar  displacement,  from  1895  to  1898.  More  recently 
this  table  has  been  extended  to  1902  by  M.  Cancani,  with  the 
following  result : — 


Year. 

Number  of  violent 
earthquakes. 

Polar 
displacement. 

1895 

9 

o"-55 

1896 

18 

O    .9I 

1897 

44  or  47 

I    .07 

1898 

50 

I    .03 

1899 

27 

O    .72 

I9OO 

17 

O    .32 

I9OI 

22 

0.53 

I902 

29 

O.97 

If  the  numbers  of  the  second  column  be  divided  by  the 
corresponding  ones  of  the  first  column,  it  will  be  seen  that  a 
rather  rough  proportionality  exists.  The  evidence  is  perhaps 
not  yet  sufficient  to  warrant  the  conclusion  that  there  is  here 
a  relation  of  cause  and  effect.  S.  D.  T. 


Tlie  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

Professor  Henry  Perrotin,  director  of  the  Observatory  at 
Nice,  died  recently  at  the  age  of  fifty-eight. 

The  Institute  of  France  has  received  a  bequest  from  M. 
Jean  Debroisse.  yielding  an  annual  income  of  about  $6,000. 
A  thousand  dollars  has  been  appropriated  for  the  publication  of 
a  lunar  table. 

The  five- foot  equatorial  telescope,  with  Newtonian  and  Cas- 
segrain  mirrors,  and  many  other  astronomical  and  optical  in- 
struments belonging  to  the  late  Dr.  Common,  are  offered  for 
sale  by  T.  A.  Common,  88  Wigmore  Street,  London,  W. 


1 5°  Publications  of  the 

At  a  meeting  of  the  National  Academy  of  Sciences  held 
during  April  Sir  William  Huggins  and  Professor  George  H. 
Darwin,  among  others,  were  elected  foreign  associates,  and 
the  Draper  gold  medal  was  presented  to  Professor  George  E. 
Hale,  for  his  researches  in  astrophysics.  . 

Miss  Helen  Snow  has  made  a  gift  of  $10,000  as  a  memo- 
rial to  George  W.  Snow,  her  father,  to  rebuild  the  horizontal 
telescope  at  Yerkes  Observatory,  which  was  injured  by  fire. 

The  Carnegie  Institution  has  made  a  grant  of  $1,500  in 
continuation  of  last  year's  grant  aiding  the  new  reduction  of 
Piazzi's  160,000  star  observations.  This  work,  under  the 
direction  of  Dr.  Herman  S.  Davis,  Gaithersburg,  Md.,  is  now- 
well  advanced,  previous  assistance  having  also  been  rendered 
by  Miss  Bruce  and  by  the  National  Academy  of  Sciences, 
which  continues  its  aid.  A  reobservation  of  all  the  southern 
stars  of  Piazzi's  catalogue  by  Professor  Tucker  has  recently 
been  issued  as  Volume  VI  of  the  Lick  Observatory  Publica- 
tions, and  a  similar  work  for  all  the  northern  stars  by  Professor 
Porter  will  be  an  early  publication  of  the  Cincinnati  Observa- 
tory. Other  co-operators,  both  in  this  country  and  in  Italy, 
arc  expected  t<>  complete  the  entire  w  <  >rk  in  five  Years  « >r  less. 
It  1  u  1  ^  now  been   in  continuous  progress  ncarlv  ciidit   Years 

Dr.  Sidmv  I)i.\\  Tow  mi  \,  <>l>MT\er  in  charge  <>t  the  In- 
ternational Latitude  t  Tscrvaton  at  I'kiah.  has  been  appointed 
Lecturer  in    \Mr<  iiom\   in  the  LniverMtv  of  Lahtonua. 


ddie  Weather  I 'mean  of  the  L.  S.  Department  <»f  Agri- 
culture lias  recenth  published  an  important  bulletin,  "The 
Llimatolo<_rV  ,,f  ( 'ali  fornia  "  by  I'rot\--or  Alina  m  >i  u  <  i. 
MuAtm-:.  Forecast  (  Hhcial  in  charge  of  the  San  hranci-C' 
office.  This  is  a  quarto  volume  of  j~n  pa^vs  and  contain  ^ 
much  valuable  information  for  an\  one  interested  in  the  many 
climates  of  this  wonderful  State.  Professor  Me  Ami  brains  by 
dKcussin^"  the  controlling  factors  jn  the  climate  of  the  Pacific 
(oast,  and  these  are  classified  under   four  heads.  ::^   follows;-. 

I.  The  movement^  of  the  LH'eat  continental  and  oceanic 
pressure  areas — the  so-called  permanent  "  hij^'hs  "  and  "  low-." 
as   well   as   the   movement  <   of   individual    pressure   areas. 
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2.  The  prevailing  drift  of  the  atmosphere  in  temperate 
latitudes  from  west  to  east. 

3.  The  proximity  of  the  Pacific  Ocean,  with  a  mean  annual 
temperature  near  the  coast-line  of  about  55°  F.,  considered  as 
a  great  natural  conservator  of  heat. 

4.  The  exceedingly  diversified  topography  of  the  country 
for  a  distance  of  200  miles  from  the  coast  inland. 

The  balance  of  work  is  given  up  to  discussion  and  data 
under  the  following  heads :  Climate  of  North  and  Central 
Coast ;  Climate  of  Southern  Coast ;  Climatology  of  the  Great 
Valley ;  Climate  of  Santa  Clara  Valley ;  Local  Climatology ; 
General  Precipitation  Tables;  Snowfall;  Precipitation  at  High 
Levels ;   Frost,   Fog,  Thunderstorms,   Earthquakes. 

A  large  amount  of  tabulated  data  referring  to  precipita- 
tion, pressure,  temperature,  and  wind  is  given.  As  might  be 
expected,  an  almost  endless  variety  of  climates  may  be  found 
in  a  State  which  has  over  five  hundred  miles  of  coast-line, 
coast  ranges  of  mountains,  great  inland  valleys,  great  deserts, 
and  a  great  range  of  mountains  with  numerous  peaks  over 
12,000  feet  high.  The  annual  precipitation  varies  from  over 
sixty  inches  in  the  north  coast  counties  and  high  mountain 
regions  to  less  than  two  inches  in  the  southeast  desert  regions. 
The  temperatures  vary  from  the  breath  of  a  blast  furnace 
on  the  desert  to  the  extreme  winter  cold  of  the  mountain 
counties. 

From  the  data  given  for  the  Lick  Observatory  we  find 
a  mean  annual  temperature  of  520 ;  mean  temperature  for 
January,  400  ;  for  July,  690  ;  highest  temperature  (12  years' 
records),  940 ;  lowest,  130.  The  mean  annual  precipitation 
is  thirty-two  inches,  while  that  of  San  Jose,  only  twelve  miles 
distant  in  a  straight  line,  is  but  fifteen  inches,  which  furnishes 
a  very  good  illustration  of  the  effect  of  local  topography  upon 
the  amount  of  rainfall.  This  is  also  strikingly  illustrated  in 
the  short  distance,  fifty  miles,  and  comparatively  level  country 
between  San  Jose  and  San  Francisco.  The  rainfall  at  San 
Jose  is  15  inches;  at  Menlo  Park,  16.5  inches;  at  San  Mateo, 
21  inches;  and  at  San  Francisco,  23  inches, — an  increase  of 
eight  inches  in  fifty  miles,  and  the  increase  is  nearly  in  propor- 
tion to  the  distance  from  San  Jose. 

Mr.    McAoik    writes    very    entertainingly   concerning   the 
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climate  of  San  Francisco.  We  quote  but  one  paragraph : 
"  When  a  native  of  San  Francisco  is  asked  which  is  the  cold- 
est month  of  the  year,  he  is  generally  at  a  loss  for  an  answer ; 
and  if  asked  which  is  the  warmest  he  may  say  November. 
This  confusion  arises  from  the  comparatively  small  range  of 
temperature.  The  mean  annual  temperature  as  determined 
from  the  records  of  the  Weather  Bureau  for  thirty-one  years  is 
56°.i  F.  May  and  November  have  practically  the  same  tem- 
perature. The  warmest  month  is  September,  6o°.8;  the  cold- 
est is  January,  50°.2.  The  other  months  have  mean  tem- 
peratures as  follows:  February,  520  ;  March,  540  ;  April,  550  ; 
May,  570  ;  June,  July,  August,  590  ;  October,  6o°  ;  November, 
560 ;  December,  520."  The  highest  temperature  ever  recorded 
in  San  Francisco  was  ioo°,  and  the  lowest  290. 

The  work  is  illustrated  by  numerous  maps  and  charts 
which  are  a  decided  help  to  the  reader,  and  some  excellent 
photographs  of  fog  as  seen  from  Mt.  Tamalpais  are  also 
inserted. 

The  book  is  a  highly  creditable  production,  and  Mr.  McAniF 
and  those  who  have  worked  with  him  are  to  be  congratulated. 

S.  I).  T. 

In  The  Ohserrafory  fur  April.  Mr.  \Y.  1\  Di.nmm,  Liive- 
four  sketches  <>f  a  sun-spot  of  January  22A.  sh^win^  <Kvi<U<l 
changi  s  «lii rin  1;'  periods  of  several  minute-.  lie  rec«  >mmends 
as  ncces.^arv  to  successful  studv.  alin<»t  continuous  observa- 
tion   for  a  number  of  hours  dailv,  of  Nine  selected  spot. 

The  same  number  i^i  The  ( >l-ser;\\tory  publishes  a  count  of 
Tleunles  stars  by  Mr.  J.  K.  (  iuki-;.  'I  be  count  \\;s  limited  to 
an  area  of  three  square  degn-c^  mi  a  photograph  by  the  I  lenr\ 
Krutliers.  and  Li'ave  the  following  re-suits: — ■ 
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Magnitude. 

Number. 

Totals. 

Ratio  of  Totals. 

II 

57 

127 

1.81 

12 

113 

24O 

i-9 

13 

157 

397 

1.65 

14 

169 

566 

1.42 

15 

267 

833 

1.47 

16 

448 

1281 

!-53 

In  A.  N.  3917,  Herr  H.  Ebert  accounts  for  the  multiple 
character  of  the  lines  in  the  spectra  of  new  stars  by  supposing 
it  to  be  due  to  "anomalous  refraction"  in  the  layers  of  vapors 
of  different   character  and   density  through   which  the  light 

passes.  

The  tenth  ordinary  meeting  of  the  Royal  Society  of  Edin- 
burgh for  the  present  session  was  held  recently  in  the  Royal 
Institution,  Edinburgh — the  Rev.  Professor  Flint,  vice-presi- 
dent, in  the  chair. 

Dr.  Halm,  assistant  astronomer,  Royal  Observatory,  Edin- 
burgh, read  a  paper  on  "  Spectroscopic  Observations  of  the 
Rotation  of  the  Sun."  These  observations  were  made  at  the 
Royal  Observatory  during  the  years  1901-1903.  The  method 
employed  was  that  of  measuring  the  displacements  of  certain 
Fraunhofer  lines  in  the  solar  spectrum.  If  the  light  from  two 
diametrically  opposite  points  of  the  solar  limb  was  thrown  upon 
the  slit  of  a  spectroscope,  the  dark  absorption-lines  of  the  two 
spectra  showed  slight  differences  in  their  positions.  These 
differences  were  caused  by  the  rotation  of  the  Sun  round  his 
axis,  by  which  the  points  of  the  one  limb  were  moved  towards 
us,  and  those  of  the  opposite  limb  from  us.  But,  according 
to  a  principle  first  enunciated  by  Doppler,  the  wave-lengths 
of  the  lines  must  be  shortened  in  the  first  case,  and  lengthened 
in  the  other.  From  the  measured  displacements  it  then  was 
easy  to  compute  the  corresponding  rotational  velocities.  The 
apparatus  arranged  by  Dr.  Halm  for  these  extremely  delicate 
observations  permitted  of  studying  the  axial  rotation  in  all 
solar  latitudes.  As  a  general  result  of  his  investigation  the 
peculiar  decrease  of  angular  velocity  from  the  equator  towards 
the  poles,  first  discovered  by  Carrington  from  sun-spot  meas- 
urements, was  confirmed.  But  the  main  object  of  the  research 
was  to  find  out  whether  the  law  of  rotation  was  subject  to 
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any  alterations  in  the  course  of  an  eleven  years'  sun-spot  cycle. 
The  results  so  far  obtained  pointed  very  strongly  to  the  pres- 
ence of  such  changes.  The  values  obtained  during  1901-1902, 
at  a  decided  minimum  of  solar  activity,  appeared  to  be  mate- 
rially different  from  those  of  1903,  when  a  new  solar  cycle 
was  initiated  by  vigorous  displays  of  spots  and  eruptions. 
Thus,  to  take  one  instance,  a  point  in  60  degrees  solar  latitude 
completed  a  revolution  round  the  solar  axis  in  36.2  days  in 
1901-1902,  but  such  a  point  only  required  29.2  days  in  1903 
to  describe  a  full  circle.  Changes  of  such  magnitude  in  the 
law  of  rotation  were  an  entirely  novel  feature  of  the  complex 
mechanism  of  the  Sun.  Dr.  Halm  pointed  out  the  necessity 
of  a  continuation  of  his  observations,  and  expressed  the  hope 
that  other  observatories  might  be  induced  to  take  up  similar 
investigations  under  more  favorable  atmospheric  conditions. 
— Extract  from  the  Scotsman. 
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Prepared  under  the  Direction  of  Sidney  D.  Townley,  Librarian. 

The  Library  of  the  Astronomical  Society  of  the  Pacific  is 
composed  of  two  main  parts.  In  1889  the  late  Mr.  Alexander 
Montgomery  gave  the  sum  of  twenty-five  hundred  dollars, 
which  was  devoted  to  the  purpose  of  founding  a  library  to  be 
known  by  his  name.  One  thousand  dollars  of  Mr.  Mont- 
gomery's gift  was  devoted  to  the  purchase  of  books,  and  the 
balance  of  the  Montgomery  Fund  was  invested,  and  the  interest 
is  used  in  the  maintenance  of  the  library  and  in  increasing 
the  collection.  The  second  part  of  the  library  is  mainly  derived 
from  the  gifts  of  friends  of  the  Society,  from  observatories  and 
learned  societies,  both  at  home  and  abroad. 

The  first  catalogue  of  the  library  was  printed  in  1891  as 
number  18  of  volume  III  of  these  Publications.  Since  that 
time  the  number  of  bound  volumes  (now  1,347)  has  increased 
nearly  threefold.  The  number  of  pamphlets  in  the  Library  is 
approximately  the  same  as  the  number  of  bound  volumes. 
The  pamphlets  are  not  contained  in  the  following  catalogue. 

The  Library  is  located  in  the  building  of  the  California 
Academy  of  Sciences,  819  Market  Street,  San  Francisco,  and 
the  books  are  available  to  all  members  of  the  Society  under 
the  usual  library  regulations. 

Xon-resident  members  residing  within  the  United  States 
may  obtain  books  by  sending  ten  cents  in  postage-stamps  for 
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each  book  to  the  Secretary.  All  risk  of  loss  must  be  assumed 
by  the  member  and  the  books  returned  to  the  Society  postage 
prepaid. 

A  portion  of  the  interest  derived  from  the  John  Dolbeer 
Fund  has  been  used  to  meet  the  expense  of  printing  the  cata- 
logue. 
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THE    SUN'S    VELOCITY    IN    SPACE. 
By  W.  H.  S.  Monck. 

A  mode  of  estimating  the  Sun's  velocity  in  space  relative 
to  other  stars,  and  thereby  estimating  its  absolute  velocity  if 
that  of  the  other  stars  can  be  obtained,  has  occurred  to  me  which 
I  think  worth  mentioning.  I  apply  it  only  to  the  Sun's  motion 
in  Declination.  That  in  Right  Ascension  could  be  computed 
on  the  same  principle,  but  the  computation  would  be  somewhat 
more  laborious,  besides  which  I  apprehend  that  as  regards  this 
motion  there  are  some  disturbing  influences.  The  North  Pole 
is  situated  in  rather  an  unconspicuous  quarter  of  the  sky,  and 
there  is  no  great  constellation  within  a  moderate  distance  of  it 
which  might  be  expected  to  affect  the  motion  of  a  large  number 
of  stars ;  therefore  I  think  the  average  velocity  of  the  stars 
measured  in  the  direction  of  the  North  Pole  is  about  the  average 
velocity  for  a  point  selected  at  random  in  the  sky.  The  Sun 
in  like  manner  does  not  seem  to  be  situated  in  a  part  of  the 
sky  to  or  from  which  stars  may  be  expected  to  move  with 
unusual  velocity.  The  average  velocity  of  the  stars  to  or  from 
the  Sun  is  not  likely  to  differ  much  from  the  average  velocity 
towards  a  point  selected  at  random  in  the  sky  or  towards  the 
North  Pole,  for  the  reasons  already  stated.  Hence,  if  we  can 
compare  the  Sun's  velocity  in  the  direction  of  the  North  Pole 
with  the  average  motion  of  the  stars  (whether  approaching  or 
receding)  in  that  direction,  and  also  ascertain  the  average 
velocity  of  the  stars  in  the  line  of  sight,  we  may  be  able  to 
estimate  the  actual  velocity  of  the  Sun's  motion  towards  the 
North  Pole  in  miles  per  second. 

It  is  only  the  stars  with  considerable  proper  motion  whose 
proper  motions  have  been  ascertained  with  accuracy  or  in  whose 
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case  we  possess  anything  like  a  complete  list  of  stars  having 
a  motion  to  or  from  the  North  Pole  exceeding  a  definite  limit. 
But  if  we  take,  suppose,  the  one  hundred  stars  having  greatest 
proper  motion  towards  the  North  Pole  and  the  one  hundred 
stars  having  greatest  proper  motion  away  from  it,  may  we  not 
conclude  that  the  difference  between  the  observed  proper 
motions  is  due  to  the  motion  of  the  Sun  in  this  direction — the 
effects  of  this  motion  being  additive  in  case  of  one  set  of  one 
hundred  stars  and  subtractive  in  that  of  the  other  ?  This  is  the 
principle  which  I  mean  to  employ.  In  M.  Bossekt's  catalogue, 
which  I  think  is  the  largest  catalogue  of  stars  with  consider- 
able proper  motion  that  I  have  met  with,  I  found  three  hun- 
dred and  twenty-two  stars  whose  annual  motion  towards  the 
North  Pole  is  not  less  than  o".io.  Possibly  this  list  is  incom- 
plete at  the  lower  end,  as  all  catalogues  are  apt  to  be ;  but  from 
the  number  of  stars  contained  in  it  which  have  a  proper  motion 
in  declination  of  -|-o".io,  I  think  the  omission  cannot  be  very 
numerous.  I  then  took  from  the  same  catalogue  the  three  hun- 
dred and  twenty-two  stars  which  had  the  greatest  proper 
motion  away  from  the  North  Pole,  and  it  is  on  the  comparison 
of  these  two  lists  of  three  hundred  and  twenty-two  stars  that 
I  propose  to  base  my  estimate  of  the  Sun's  velocity  in  that 
direction  compared  with  that  of  an  average  star.  I  maw  how- 
ever, remark  at  the  outset  that  the  stars  with  which  I  am 
dealing  are  not  average  stars;  they  are  selected  on  account  of 
their  large  proper  motion.  Xow.  large  proper  motion  mav 
arise  from  the  nearness  of  the  star  or  from  its  motion  being 
very  nearly  perpendicular  to  the  line  of  sight:  hut  it  mav  aN<> 
arise — and  no  doubt  in  some  instances  does  so — from  the  star 
being  moving  through  space  with  more  than  the  average 
absolute  motion.  In  this  latter  case,  of  course,  the  effect  <>f  the 
Sun's  motion  on  that  of  the  star  will  be  proportionally  lev-, 
than  it  it  had  been  moving  with  the  average  velocity.  If  its 
absolute  motion  in  this  direction  be  double  the  average  velocitx. 
the  Sun's  motion  will  onlv  produce  half  ihe  average  propor- 
tional effect  on  it.  With  this  preface  1  give  the  results  tor 
every  tenth  star  in  each  series  down  to  the  one  hundred  and 
sixtieth,  and  for  even  twentieth  star  down  to  the  three  hundred 
and  twentieth.  he\ond  which  point  the  catalogue  in  <|iie<tion 
does  not   enable  me  to  proceed. 
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Motion  in  North  Pole  Direction. 
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In  the  early  part  of  this  table  the  proportion  is  a  little  over 
2  to  1  (in  two  instances  being  slightly  under  that  figure), 
and  it  is  not  until  reaching  about  the  two-hundredth  star  of 
each  series  that  it  gets  up  to  2l/2  to  1,  from  which  it  continues 
to  rise  until  it  stands  at  a  little  over  3  to  1  at  the  end  of  the 
table,  where  the  rise  is  apparently  still  in  progress.  I  have 
already  suggested  two  possible  explanations  of  this  fact: 
First,  that  the  stars  in  the  earlier  part  of  the  list  (in  both 
series)  have  on  the  average  greater  absolute  proper  motions, 
and  that  the  effect  of  the  Sun's  motion  on  them  is  therefore 
proportionally  less;  and,  secondly,  that  M.  Bossert's  cata- 
logue, which  I  am  using,  is  more  deficient  in  its  list  of  stars 
having  proper  motions  of  between  o".io  and  o".i5  in  North 
Pole  direction,  than  in  stars  having  proper  motions  of 
between  o".30  and  o".40.  Both  causes  probably  contribute  to 
the  result;  but,  bearing  in  mind  that  the  increase  of  the  ratio 
is  evidently  still  in  progress  where  my  list  terminates,  I  think 
that  with  a  longer  and  more  complete  list  of  stars  the  proportion 
would  not  be  likely  to  prove  less  than  3  to  1.  A  proportion 
of  2  to  1,  it  is  hardly  necessary  to  state,  indicates  that  the 
Sun's  motion  in  North  Pole  direction  is  one  third  of  the 
average  velocity  of  the  stars  resolved  in  that  direction ;  while 
a  ratio  of  3  to  1  implies  that  the  Sun's  velocity  in  that  direc- 
tion is  just  one  half  of  the  average.  The  Sun  is  consequently 
either  a  slow-moving  star  or  its  motion  is  directed  to  a  point 
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whose  northerly  declination  falls  considerably  short  of  45 °. 
If  we  take  the  average  velocity  of  the  stars  resolved  in  this 
direction  (or  in  any  direction  assumed  at  random)  to  be  ten 
miles  per  second,  the  Sun's  velocity  resolved  in  the  direction  of 
the  North  Pole  will  be  five  miles  per  second.  But  I  suspect 
that  the  general  average  of  star-velocity  resolved  in  a  particular 
direction  (irrespective  of  sign)  is  greater  than  ten  miles  per 
second,  especially  as  regards  such  stars  as  I  have  been  con- 
sidering. 

Another  mode  of  regarding  the  table  suggests  that  the 
true  proportion  between  the  motions  of  receding  and  approach- 
ing stars  in  North  Pole  direction  is  at  least  3  to  1.  I  mean, 
comparing  the  numbers  attached  to  the  approaching  and  reced- 
ing stars  which  have  approximately  the  same  apparent  proper 
motion.  I  have  tried  this  for  the  receding  stars  numbered 
30,  60,  etc.,  on  to  330.  in  my  list,  and  give  the  numbers  of  the 
approaching  stars  which  most  nearly  coincide,  and  also  the 
proper  motion  of  the  approaching  star  whose  number  is  one 
third  of  that  considered. 


No.  of 

Receding 

Star. 

Motion. 

No.  of  Nearest 

Approaching 

Star. 

Motion. 

No.  of  Approaching 
Star.  =  %  of 
Receding.         Motion 

30... 

.1" 

.18 

7-8.... 

.r.15 

10.  .  .  .0".()5 

(>().  .  . 

.O 

.Sn 

if 

(  ) 

.Sn 

jn  .  .  .  .  < )  .-( » 

< )i  >  .  .  . 

.  (  ) 

.()! 

3( ' 

(  ) 

.M 

31  >....<)   .M 

Un  .  .  . 

.  (  t 

•  5<-> 

3? 

" 

•41' 

4<>.  .  .  ...  .45 

[50. . . 

.  (  t 

•44 

41 

1  ) 

•44 

5<>.    .    .    ..:    .^) 

1 S« ) .  .  . 

.  <  ) 

-;«» 

4*0..  • 

(  1 

■4" 

(')O .  .  .  .  <  1  . 3' » 

jro. . . 

•  " 

•.Vs 

51-5.  .  . 

,  (  ) 

•3s 

71  >.....  >  .3.4 

J40. . . 

.  (  i 

■3? 

( ij-'i.  . 

.  (  ) 

0? 

S...    .    .     .■:     .3. 

-/n  •  ■  • 

.  (.) 

o3 

7  1  -  J .  • 

.  (  1 

■33 

<  M  •  .   .  .   .  '  ;    .Jo 

3< » > .  .  . 

.  i  1 
(  1 

•3> 

-~  S 

/  /      •  •  ■ 
ro-Sj.  , 

.  (  ) 
.  (  1 

•3' 

inn.  .  .  .  1 .  .  j( , 
1  1 1  "1  ....<»  .2^ 

Here  there  is  in  every  instance  nu'Vi-  than  three  time-  a- 
inaiiv  stars  with  a  lmvcii  amount  ot  receding  m«  >t  n  -n  a^  \v:rh 
tlic  same  amount  of  a]>]>r<  >achiu<^  motiiin.  with  a  sin-ie  cxocp 
limi  in  which  1 1  u  •  n  uml  ur  is  exactlv  threefold.  I  o\vanl>  1 1  u- 
end  nl"  the  tal>U'  the  nuniher  becomes  mark  4  instead  .  u  3. 
\«'\v,  a  ratio  of  4  to  1  would  implx  that  the  Sun's  m<  »t  1  -  ti  m 
\orth    Pole  direction   was   juM    the  average  motion  <>t   tin    Mar- 
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resolved  in  that  direction.  But  the  present  test  is  not  as  fair 
a  test  as  the  preceding  one.  As  real  proper  motion  dimin- 
ishes we  may  expect  to  find  an  increasing  number  of  stars 
at  every  stage.  Hence,  the  number  of  stars  which  can  be 
brought  down  to  a  particular  figure  by  the  effect  of  the  Sun's 
motion  will  probably  be  always  less  than  those  that  can  be 
raised  to  it  by  the  same  effect ;  and  if  we  take  all  the  stars 
having  a  given  velocity  (irrespective  of  sign)  in  the  direction 
of  the  North  Pole  of.  say,  o".30  per  annum,  our  list  will  con- 
tain a  larger  number  of  raised  stars  than  of  lowered  stars. 
I  do  not,  therefore,  see  any  valid  reason  for  inferring  that  the 
Sun  is  moving  towards  the  North  Pole  with  a  velocity  exceed- 
ing one  half  of  the  average  star-motion  resolved  in  that  direc- 
tion. I  hope  some  other  member  of  the  Society  will  take  up  the 
subject  and  arrive  at  more  extensive  and  satisfactory  results. 
I  thought  the  method  in  any  event  worth  mentioning,  and, 
with  our  growing  knowledge  of  the  spectroscopic  velocities  of 
the  stars,  I  think  the  prospect  of  being  able  to  measure  the 
Sun's  motion  in  miles  per  second  cannot  be  regarded  as  by  any 
means  hopeless. 


STAR    CATALOGUES. 
By  Elliott  Smith. 


The  determination  of  the  positions  of  the  stars  has  long 
been  a  matter  of  much  concern  to  astronomers,  and  star  cata- 
logues have  from  time  to  time  been  issued  giving  their  position 
with  greater  or  less  precision,  according  to  the  skill  of  the 
observer,  the  accuracy  of  his  instruments,  or  the  purpose  for 
which  the  catalogue  was  made.  As  a  result  we  have  many 
star  catalogues  at  our  disposal,  and  it  may  not  be  out  of  place 
to  call  the  attention  of  A.  S.  P.  readers  to  a  few  of  these  at 
this  time. 

Without  going  into  detail  it  will,  no  doubt,  be  sufficient 
merely  to  mention  the  earlier  catalogues.  They  are  so  inac- 
curate as  to  be  of  no  practical  value,  and  they  have  no  connec- 
tion with  modern  catalogues,  with  the  exception  that  the  names 
or  numbers  assigned  to  the  stars  in  some  of  them  are  in  use 
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at  the  present  day.  Hipparchus,  Ptolemy,  Al-Sufi.  and 
Ulugh  Beigh  in  order  concerned  themselves  with  star  places ; 
and  the  names  of  Tycho  Brahe,  Halley,  and  Hevelils  are 
familiar  to  students  of  astronomical  literature  in  this  connec- 
tion. All  of  the  catalogues  which  they  published,  with  the  ex- 
ception of  that  of  Hipparchus,  which  has  not  been  preserved, 
have  been  compiled  and  published  in  the  thirteenth  volume 
of  the  Memoirs  of  the  Royal  Astronomical  Society,  with  an 
introduction  giving  a  description  of  each. 

The  middle  of  the  seventeenth  century  marks  the  beginning 
of  an  epoch  of  unprecedented  activity  in  the  history  of  cata- 
logue-making, and  it  may  be  said  to  have  been  formally  inaugu- 
rated at  the  founding  of  the  Greenwich  Observatory  in  1675. 
This  new  activity  received  its  impulse  from  the  direct  necessity 
to  navigators  and  explorers  of  a  better  knowledge  of  the  posi- 
tions of  the  stars  and  of  the  motion  of  the  moon  and  planets. 

It  was  possible  for  the  navigator  to  determine  his  latitude 
at  sea  with  accuracy  sufficient  for  his  purpose  by  simply  observ- 
ing the  height  of  the  Pole  Star,  but  the  problem  of  longitude 
at  sea  for  many  years  baffled  the  most  expert  navigators,  and 
mathematicians  were  not  able  to  solve  it.  Handsome  prizes 
were  offered  by  nations  whose  conquests  and  colonies  in  the 
new  world  rendered  their  navigation  important,  and  main" 
methods  were  suggested.  When  finally  the  method  «>i"  deter- 
mining longitude  by  lunar  distances  was  proposed,  it  wa-  found 
that  the  knowledge  of  the  po>ition>  of  the  stars  and  of  the 
motion  of  the  moon  and  planets  was  so  inaccurate  a-  to  render 
the  plan  impracticable. 

When  this  report  was  made  to  Charles  11  of  Kngland.  he 
at  once  ordered  that  an  observatory  be  founded  to  det<  rmme 
accurately  the  positions  of  the  fixed  stars  and  the  ni"ti\,ns  of 
the  moon  and  planets,  and  in  other  ways  t>  a^-i^t  na\ dgation. 
Systematic  observations  of  the  positions  of  the  Mar<  thm  begun 
at  Greenwich  are  being  continued  by  its  observers  at  the  present 
daw  Other  astronomers,  inspired  bv  this  new  incentive,  have 
been  active  in  meridian  observations,  so  that  in  the  pa-t  two 
centuries  such  a  wealth  of  catalogues  have  accumulated  that 
it  would  be  manifestly  impossible  in  so  short  an  article  a>  this 
t<»  mention  more  than  a  small  fraction  of  them.  \11  we  can 
hope  to  do  is  to  call  the  attention  of  the  reader  to  a  :'<  w  <  >i  the 
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catalogues  found  in  an  observatory  library  of  to-day,  of  interest 
from  the  standpoint  of  history  or  of  importance  to  the  advance- 
ment of  the  science  of  astronomy. 

The  so-called  British  Catalogue,  derived  from  the  observa- 
tions of  Flamsteed,  the  first  Astronomer  Royal,  was  published 
in  1725  in  the  third  volume  of  the  Historia  Celestis.  It  was 
revised  and  enlarged  by  Baily  in  1835,  an<^  as  tnus  completed 
contains  over  3,300  stars  for  the  epoch  1690.  In  the  column 
of  the  catalogue  headed  "  Difference  from  Bradley  "  it  is  inter- 
esting to  note  that  in  Right  Ascension  a  difference  of  five  min- 
utes of  arc  is  not  uncommon,  and  in  Declination  the  difference 
in  some  cases  is  three  minutes. 

Bradley  published  no  catalogues  himself,  but  while  at 
the  Greenwich  Observatory  he  made  such  accurate  observations 
and  such  complete  records  of  them  that  they  have  been  of 
great  value  to  the  science  of  astronomy.  Mason  made  a  cata- 
logue of  389  stars  from  Bradley's  observations,  whose  places 
were  published  in  the  Nautical  Almanac  for  1773. 

It  was  left  to  Bessel,  however,  to  do  the  first  thorough 
work  upon  the  observations  made  by  Bradley.  With  the 
method  of  reduction  which  he  himself  had  perfected  Bessel 
derived  the  positions  of  more  than  three  thousand  stars  from 
the  observations  made  by  Bradley  from  1750  to  1762.  The 
epoch  is  1755,  and  the  catalogue  was  published  in  18 18  in 
Bessel's  Fundamenta  Astronomic.  This  catalogue  was  of 
much  importance  to  the  science  of  astronomy  at  the  time 
of  its  publication.  By  a  comparison  with  the  catalogues  of 
Bessel's  own  time  the  precession  was  more  accurately  deter- 
mined and  the  proper  motions  of  many  stars  became  known, 
making  it  possible  to  predict  their  places  for  the  future  with 
accuracy. 

Exact  observations  are  of  value  at  any  time,  but  that  their 
value  increases  as  time  goes  by  is  well  exemplified  by  the  work 
of  Dr.  Auwers  upon  the  Bradley  stars  in  the  latter  half  of 
the  nineteenth  century.  With  all  the  refinements  of  reduction 
known  to  modern  times  and  with  corrections  derived  from  a 
thorough  investigation  of  the  Bradley  instruments,  Dr.  Au- 
wers re-reduced  the  whole  mass  of  Bradley's  observations 
made  between  1750  and  1762.  The  epoch  of  the  catalogue, 
as  in  Bessel's,  is  1755,  and  it  contains  3,222  stars.    A  compari- 
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son  of  the  Bradley  positions,  thus  derived,  with  observations 
of  the  same  stars  made  ninety  years  later  furnished  over  three 
thousand  proper  motions.  The  work  of  Dr.  Auwers  upon 
the  Bradley  stars  is  published  in  three  volumes:  the  first  con- 
tains the  determination  of  the  constants  of  the  instruments  and 
the  corresponding  corrections;  the  second  the  results  of  obser- 
vation in  Right  Ascension  and  zenith  distance,  and  the  third 
the  star  catalogue.  The  third  volume  was  published  in  1882, 
the  second  in  1888,  and  the  first  recently  came  from  the  pub- 
lishers under  date  of  1903. 

Lacaille  is  the  author  of  three  catalogues  of  stars 
observed  at  the  Cape  of  Good  Hope.  His  work  attracted  con- 
siderable popular  attention,  for  he  was  among  the  first  astrono- 
mers to  make  an  expedition  to  the  southern  hemisphere  for 
the  purpose  of  observing  the  southern  sky.  The  first  catalogue 
contains  398  stars  for  the  epoch  1750;  the  second  is  a  catalogue 
of  9,766  southern  stars  for  the  same  epoch ;  and  the  third  is  of 
515  zodiacal  stars  for  1765.  The  second  catalogue  was  printed 
about  the  middle  of  the  nineteenth  century  at  the  expense  of 
the  British  association.  The  observations  for  the  third  cata- 
logue were  reduced  by  Baily,  but  not  so  accurately  as  the 
state  of  the  science  warranted,  and  the  catalogue  has  not  been 
of  as  much  service  as  it  might  have  been. 

M.WikA  catalogue  <>f  » ;< >S  zodiacal  ^ t a r s  was  published  at 
1  i("»ttiiigcn  in  1775.  It  mav  be  found  in  the  fourth  volume  of 
the  Memoirs  of  the  l\oyal  Astronomical  Society.  I)'  Ao;  i.h  1  \- 
catalogue  was  intended  to  he  a  very  comprehensive  one.  1; 
was  contemplated  to  determine  the  positions  .  ,f  all  the  stars 
of  the  northern  hemisphere  down  to  the  ninth  magnitude.  As 
tinallv  completed  the  catalogue  contains  47.400  stars  for  the 
epoch  1  Si  ii  i.  ddie  positions  as  given  hv  this  catalogue  are  not 
verv  exact,  but  it  has  been  useful  because  of  being  so  extensive. 
The  thirtv-si\  fundamental  stars  e.f  Maski.i.i.M",  fifth  Astrono- 
mer l\o\al.  were  prohablv  the  most  accurately  determined  of 
anv  up  to  his  time,  and  thev  were  in  general  use  as  reference 
points  bv  astronomers  in  the  earlv  part  of  the  nineteenth  cen- 
turv.  \[  mav  be  of  interest  to  note  here  that  M  ASKn.i- \  c  was 
the  rirst  observer  who.  in  taking  a  star's  transit,  divided  the 
seconds  into  tenths.  Observers  previous  to  his  time  gave 
simple  t  he  nearest  seo  >nd. 
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The  first  catalogue  of  Piazzi  was  published  in  1803.  It 
contained  7,648  stars,  the  thirty-six  stars  of  Maskelene  being 
used  as  fundamental.  Some  doubt  being  thrown  upon  the 
Right  Ascensions  of  the  Maskelene  stars,  Piazzi  resolved  to 
make  a  catalogue  founded  exclusively  upon  his  own  observa- 
tions. He  first  constructed  a  preliminary  standard  catalogue 
of  120  stars,  published  in  1607,  to  be  used  as  fundamental  in 
the  catalogue  which  followed.  This  catalogue  of  7,646  stars 
was  published  in  1814,  and  at  that  time  was  considered  of 
great  importance.  The  observations  and  reductions  were  made 
by  Piazzi  himself,  and  the  refraction  corrections  were  derived 
by  him  exclusively  from  his  own  observations. 

All  of  the  Piazzi  stars  were  reobserved  by  Taylor  of 
Madras  for  the  epoch  1835.  Most  of  the  southern  stars  of 
Piazzi  may  be  found  in  the  Cordoba  General  Catalogue  for 
1875,  and  tne  northern  Piazzi  stars  are  contained  in  the  Astro- 
no  misc  he  Gcsellschaft  Catalogue  for  the  same  epoch.  The 
reobservations  of  the  Piazzi  stars  for  1900  completes  the  list 
of  four  epochs  for  those  stars  well  distributed  throughout  the 
century,  the  southern  stars  having  been  observed  by  Professor 
Tucker  of  the  Lick  Observatory,  and  the  northern  stars  by 
Professor  Porter  of  the  Cincinnati  Observatory  for  the  last 
epoch.  A  large  number  of  the  Piazzi  stars  have  been  included 
in  special  lists  as  zodiacal  stars  and  many  have  been  observed 
as  fundamental.  The  original  observations  are  being  reduced 
anew  by  Dr.  Herman  S.  Davis.  As  a  result  of  all  this  there 
is  a  large  amount  of  material  outstanding  in  regard  to  the 
Piazzi  stars,  and  it  is  expected  that  a  discussion  of  it  will 
yield  results  of  no  little  interest  and  value  to  astronomy. 

Professor  Airy,  while  Astronomer  Royal  at  the  Greenwich 
( )bscrvatory,  derived  the  positions  of  4,243  stars  from  the 
observations  of  Stephen  Groombridge  for  the  epoch  1810. 
The  resulting  catalogue  is  of  circumpolar  stars,  and  has  been 
of  importance  for  that  reason.  Those  astronomers  who  have 
taken  up  the  task  of  forming  a  normal  system  or  fundamental 
catalogue  have  had  constant  recourse  to  the  Groombridge 
catalogue. 

Ressel  has  been  mentioned  in  connection  with  the  Bradley 
reductions,  but  Bessel  himself  conducted  a  valuable  and  ex- 
tensive series  of  observations  at  the  Konigsberg  Observatory. 
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Between  the  years  1821  and  1833  he  observed  a  large  propor- 
tion of  the  stars  down  to  the  ninth  magnitude,  quite  uniformly 
distributed  in  the  zone  — 150  to  +  45°  of  Declination.  The 
observations  were  reduced  by  Professor  Weisse,  of  Cracow, 
and  published  in  two  volumes  at  the  expense  of  the  St.  Peters- 
burg Academy  of  Science.  The  first  volume  contains  the  stars 
between  —  150  and  -f-  150  of  Declination,  and  the  second  those 
between  +  150  and  +45°-  The  two  volumes  contain  over 
62,500  stars  for  the  epoch  1825.  Argelander  continued  the 
observations  according  to  Bessel's  plan  from  +  45°  to  +  80  \ 
Oeltzen  reduced  Argelander's  observations,  and  the  result- 
ing catalogue  in  two  volumes  gives  the  position  of  nearly 
26,500  stars  for  the  mean  epoch  1842. 

In  connection  with  star  catalogues,  however,  Argelander 
will  be  longest  remembered  for  his  work  upon  the  Bonn  Durch- 
musterung.  By  an  extensive  series  of  observations  he  obtained 
the  approximate  positions  of  all  the  stars  to  magnitude  9  be- 
tween +  900  and  —  2°  of  Declination  for  the  epoch  1855.  The 
three  volumes  in  which  his  work  is  published  contain  about 
324,200  stars.  Schonfeld  continued  the  Durchmusterung  to 
Declination  — 230.  His  results  are  published  in  one  volume, 
which  constitutes  the  fourth  volume  of  the  Bonn  Durchmuster- 
ung. It  contains  nearly  133.700  stars  for  the  common  epoch 
1S55. 

The  \\<>rk  of  observing  the  southern  stars  •  »n  the  -;mu  plan 
t  r«  'in  Declination  — 23  to  the  South  \\  >le  \  et  lvmamed  u>  he 
dour,  and  the  task  was  undertaken  l»v  the  Cordoba  (  >lwr\an>rv. 
The  actual  northern  boundary  at  which  their  work  began  was 
Declination  -  22  ',  so  that  there  is  a  /one  of  hik  m^i'u1  in 
common  between  the  catalogues  of  S<  1  n ">\  1  1  1  1  >  and  '  onCba. 
S<  iio\i  !  i.D  included  all  stars  to  the  nine  and  one  half  magni- 
tude in  his  catalogue,  while  the  Cordoba  Durchmu-trnniL:  con- 
tains all  the  stars  to  magnitude  10  and  many  even  fainter.  So 
far  three  volumes  containing  the  approximate  pinions  of 
4K<  ).<><)<)  stars  between  — 22  and  — 52  have  been  published. 
The  epoch  is  1S75.  The  work  of  cataloguing  the  remaining 
portion  o\  the  southern  sk\  is  >till  in  progress  at  ("ordoha.  If 
it  is  as  rich  in  stars  as  the  portion  alreadx  observed  it  is  esti- 
mated that  the  Cordoba  Durchmustenuig  completed  will  con- 
tain   over  Soo.oexi   stars,   making  a   total   of   considerably   mop- 
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than  a  million  and  a  quarter  stars  for  the  entire  sky  as  cata- 
logued in  this  great  work. 

The  catalogue  in  two  volumes  known  as  the  Gould  zones 
properly  represents  the  results  first  sought  by  the  founder  of 
the  Cordoba  Observatory.  This  catalogue  contains  the  posi- 
tions of  73,160  stars  for  1875  between  — 230  and  — 8o°  of 
Declination.  It  includes  stars  to  magnitude  gy2,  and  is  in  reality 
a  continuation  of  observations  in  the  southern  hemisphere  ac- 
cording to  plans  employed  by  Bessel  and  Argelander  in  the 
construction  of  their  catalogues  of  the  northern  sky,  described 
above.  The  observatory  was  organized  by  Doctor  Gould,  as 
the  National  Observatory  of  the  Argentine  Republic,  and  it  has 
been  carrying  on  some  extensive  pieces  of  work,  of  which  the 
Durchmusterung  is  an  example. 

While  early  in  the  nineteenth  century  the  northern  sky  was 
receiving  a  great  deal  of  attention,  the  southern  sky  was  not 
wholly  neglected.  Lacaille's  observations  in  the  southern 
hemisphere  have  already  been  mentioned.  The  Rev.  F.  Fal- 
lows, astronomer  at  the  Cape,  published  in  volume  CXIV  of 
the  Philosophical  Transactions  a  catalogue  of  273  south  circum- 
polar  stars  for  1824.  Brisbane's  catalogue  of  7,385  stars  pub- 
lished in  1835;  Rumker's  catalogue  of  some  12.000  stars  for 
1836;  Henderson's  Declinations  and  Right  Ascensions  of  172 
and  174  stars  respectively  for  1833;  Johnson's  catalogue  of 
606  southern  stars  for  1830;  Taylor's  general  catalogue  con- 
taining 11,000  stars  for  1835,  and  his  catalogue  of  97  Principal 
Fixed  Stars  for  1845, — a^  these  were  among  those  most  in  use 
by  astronomers  interested  in  the  accurate  positions,  and  in  the 
magnitudes  and  proper  motions  of  southern  stars  up  to  the 
middle  of  the  last  century.  Other  later  catalogues  of  southern 
stars  that  have  been  in  general  use  and  of  recognized  value  to 
astronomy  are  the  Argentine  General  Catalogue  for  1875,  con~ 
taining  all  of  the  brighter  stars  of  the  sky  within  100  degrees 
of  the  South  Pole,  the  catalogue  of  1,963  stars  by  Gillis,  Mao 
lear's  catalogue  of  1,159  stars  f°r  i860,  Stone's  catalogue  of 
78  south  circumpolar  stars  and  his  catalogue  of  12,441  stars 
for  1880. 

For  stars  in  the  northern  hemisphere  there  is  such  a  wealth 
of  observation  that  to  enumerate  the  catalogues  that  are  of 
value  would  require  a  small  volume.    We  shall  therefore  men- 
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tion  only  a  few  of  those  which  have  been  most  used  by  astrono- 
mers. Perhaps  the  catalogues  to  which  we  should  give  our  first 
attention  are  those  which  from  time  to  time  have  been  compiled 
from  the  Greenwich  observations.  The  Greenwich  Twelve- 
Year  Catalogue  of  2.156  stars  is  founded  on  observations  made 
at  Greenwich  for  the  twelve  years  beginning  in  1836.  The  first 
six  years  of  observation  were  reduced  to  1840.  and  the  other 
six  years  to  the  epoch  1845.  The  Six- Year  Catalogue  of  1,576 
stars  for  1850,  the  Seven- Year  Catalogue  of  2,022  stars  for 
i860,  the  new  Seven- Year  Catalogue  of  2,760  stars  for  1864, tne 
Nine- Year  Catalogue  of  2,263  stars  for  1872,  the  Ten-Year 
Catalogue  of  4,059  stars  for  1880,  the  Five-Year  Catalogue  of 
258  fundamental  stars  for  1890.  and  a  new  Ten -Year  Cata- 
logue for  the  same  epoch,  are  monuments  to  the  industry,  ac- 
curacy, and  skill  of  the  Greenwich  observers. 

In  point  of  accuracy  and  uniformity  in  reduction  the  Pul- 
kova  catalogues  have  not  been  surpassed.  The  epoch  of  their 
first  catalogue  is  1845,  tne  Right  Ascensions  and  Declinations 
being  published  in  separate  volumes.  The  number  of  stars  con- 
tained is  about  375.  Four  other  catalogues  whose  epochs  are 
separated  by  ten-year  intervals  have  been  much  used.  The 
Pulkova  catalogue  for  1855  nas  3-542  stars;  the  catalogue  for 
1865  is  published  in  volume  XTI  of  the  Pulkova  Observations. 
II.  I\<  ».\i  i:i-  "u<;  derived  a  catalogue  of  5.034  stars  fmni  the  Pul- 
kova 1  >I)s<t\  ati«  ms  Or  1  S7 5 .  and  \A  ki  \  \s  Standard  Catalogue 
(•I   Inclinations  cynics  Irom  the  same  source. 

What  Greenwich  and  Pulkova  have  keen  to  the  northern 
hemisphere,  the  observatorv  at  the  (ape  of  Cood  I  lope  has 
been  to  the  southern.  An  enumeration  of  the  epochs  of  the 
catalogues  which  have  been  published  at  the  Cape  will  i;ive  an 
idea  of  the  activitv  ot  that  observatory  in  catalogue  making. 
1,s\xv  1^-4".  i<"\s«\  iSfu),  1SS0.  1SS5.  and  1  X<>o  are  epochs  of 
catalogues  which  have  been  Compiled  and  published  from  the 
Cape  (  )l>servatorv. 

(  Hher  observatories  which  may  be  mentioned  as  having 
been  especially  active  in  meridian  observations  are  Munich, 
Oxford.  Melbourne,  I  harvard  (  'olle-e.  Albany.  Washington. 
Cincinnati,   Madison.   Merlin,  and   Paris. 

The  .  Istriiiiemisclir  (icscllsclhift  I  "aial<  -^nc  C  1  me  <  »f  the  in<  'si. 
important   ot   recent   date.      It   will  contain,  when  completed,  all 
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the  stars  to  the  ninth  magnitude  included  between  +  8oc  and 
—  230  Declination.  For  observation  the  sky  was  divided  into 
zones  of  five  and  ten  degrees,  different  observatories  becoming 
responsible  for  a  larger  or  smaller  zone  according  to  their 
facilities  for  carrying  on  the  work  of  observing.  The  object  in 
each  case  was  to  have  the  zone  assigned  to  any  one  observatory 
as  near  its  zenith  as  possible  to  avoid  errors  in  applying  re- 
fraction corrections.  The  epoch  is  1875  f°r  tne  northern  cata- 
logues, 1900  for  the  southern. 

The  catalogue  for  the  northern  sky  between  —  2°  and 
-f-  80 c  is  all  but  complete.  The  second  volume  containing  stars 
between  -f~  7°°  and  +75°  has  not  yet  been  published.  It  may 
be  of  interest  to  note  that  two  observatories  of  the  United 
States — Albany  and  Harvard  College — took  part  in  this  great 
work.  The  first  volume  of  the  catalogue  for  the  southern  zone 
recently  arrived  at  the  Lick  Observatory,  and  it  is  hoped  that 
the  date  of  completion  of  the  others  may  not  be  far  distant. 

Newcomb  and  Auweks  are  authors  of  fundamental  cata- 
logues most  in  use  at  the  present  time.  Porter  and  Bossert 
have  published  standard  catalogues  of  proper  motion  stars. 

The  discussion  and  comparison  of  star  catalogues  has  be- 
come a  recognized  field  of  labor  for  astronomers,  and  results  of 
no  little  importance  have  been  derived  from  it.  Boss.  New- 
comb,  Auwers,  Chandler  and  others  have  concerned  them- 
selves in  this  line  of  work. 

At  one  time  the  making  of  star  catalogues  was  considered 
the  most  important  branch  of  astronomy.  Researches  in  the 
line  of  what  we  understand  as  physical  astronomy  were  looked 
upon  with  very  little  sympathy  by  the  old-line  astronomers.  We 
would  say  in  conclusion,  however,  that  the  remarkable  develop- 
ment which  the  so-called  physical  astronomy  has  undergone  in 
the  last  halt  century  has  only  enhanced  the  importance  to  the 
science  of  an  exact  knowledge  of  the  positions  of  the  stars,  and 
at  present  catalogues  are  being  made  which  aim  to  give  the 
positions  of  stars  with  still  greater  accuracy.  Older  catalogues 
give  a  clue  to  the  proper  motions,  so  that  even  though  we  have 
a  large  and  ever  increasing  number  of  catalogues  they  are  all 
of  use  in  advancing  our  knowledge  of  the  sky. 
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THE  LOSS  OF  LIGHT  BY  ABSORPTION  AND  RE- 
FLECTION  IN  THE  36-INCH  OBJECTIVE. 


By  J.  H.  Moore. 


The  visual  objective  of  the  36-inch  refractor  of  the  Lick 
Observatory  consists  of  two  lenses,  a  brief  description  of 
which,  as  furnished  by  Alvan  Clark  &  Sons,  is  as  follows : — 


Thickness. 

Radii  of  Curvature.*  

Center.  j     Edge. 


Inches.  Inches.        Inches.   Inches. 

Crown  No.  1734  j  Rt  =  +  259.52    R,=  + 259.52.   1.96    '   0.60 
Flint  No.  1588. .|R3  = —  239.59    R4  =  —  40000.  !  0.93    ,    1.65 


It  will  be  seen  that  the  total  thickness  of  glass  is  about 
three  inches.  Now,  from  the  table  given  by  Professor  VoGEL,f 
for  the  loss  of  light  in  lenses  of  different  thickness,  we  find 
that  the  loss  for  the  visual  rays  in  the  36-inch  objective  is 
about  twenty-seven  per  cent  and  for  the  photographic  rays 
forty  per  cent. 

In  spectrographs  work  a  thin  double-concave  lens  {2.5 
inches  aperture)  is  placed  one  meter  within  the  visual  focus 
to  correct  for  chromatic  aberration  in  the  region  A  4500.  The 
loss  at  this  lens  is  estimated  to  be  about  ten  or  fifteen  per  Cent. 
The  present  determination  is  tor  the  loss  ot  lii^ht  in  the  region 
A  4500.   due  to  the  combined   objective  and   correcting  lens. 

The  Mills  spectrograph,  mounted  upon  the  lar^e  telescope, 
was  directed  toward  the  region  of  sky  S~  \orth  Declination 
1  S.  I '.  1  and  zero  hour-an^ic,  and  a  spectrogram  taken  with  a 
slit-width  .005  inch  and  one  hundred  seconds  exposure.  The 
spectrograph,  removed  from  the  telescope,  was  pointed  to 
the  same  region  and  with  the  above  slit-width  exposures  were 
^iven  ran^'in^'  from  tliirtv  to  sixtv  seconds.  \  little  consider- 
ation will  show  (since  the  angular  aperture  of  the  colliinator 
is  equal  to  that  of  the  36-inch  objective),  that  the  exposure 
when  the  spectrograph  is  off  the  telescope,  which  ^ives  the 
same    ima^e    density    as    one    hundred    seconds   exposure    when 


*/VV;<-. /,'/,'/••>    .•'    >hr    I.i,h    O/mv,  ;■<,/,„  yt  Vol.    III. 
|   .  ■!.<//,-/•// 1  -/,  ,1!   /.'in  tin/.  Vi.l.  \'.   IS;;. 
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it  is  on  the  telescope,  represents  the  percentage  of  light  trans- 
mitted by  the  objective  and  correcting  lens. 

To  eliminate  any  error  due  to  variation  in  the  intensity 
of  the  sky-light  with  changing  hour-angle  of  the  Sun,  the 
exposures  were  made  in  this  way:  One  on  telescope,  three  off 
telescope ;  one  on  telescope,  three  off  telescope ;  one  on 
telescope. 

The  effect  of  diffraction  at  the  slit  is  to  allow  light  outside 
the  cone  of  aperture  equal  to  that  of  the  objective  to  fall  upon 
the  collimator-lens  when  the  spectrograph  is  off  the  telescope. 
Any  error  due  to  this  was  shown,  by  another  series  of  experi- 
ments in  which  a  slit  of  .0006  inch  was  used,  to  be  very  small. 
In  the  present  experiments  the  effect  of  diffraction  at  the 
slit  is  negligible,  as  a  relatively  wide  slit  was  employed. 

It  was  possible  to  detect  a  two  per  cent  variation  in  the 
intensity  of  the  photographic  images.  From  the  mean  of 
ten  plates  an  exposure  of  fifty-one  seconds  with  the  spectro- 
graph off  the  telescope  was  found  to  give  the  same  image 
density  as  one-hundred-seconds  exposure  with  spectrograph 
on  the  telescope.  The  loss  by  absorption  and  reflection  of 
rays  A  4500  at  the  36-inch  objective  and  correcting-lens  is 
then  forty-nine  per  cent.  Assuming  the  loss  at  the  correcting- 
lens  to  be  about  ten  per  cent,  this  value  agrees  very  well  with 
that  calculated  above  for  the  36-inch  lens. 

Lick  Observatory. 

THE  LOSS  OF  LIGHT  BY  DIFFRACTION  AT  A 
NARROW    SLIT. 

Bv  J    H.  Moore. 

In  the  design  of  astronomical  slit-spectrographs,  where 
the  source  of  light  is  in  general  faint,  the  question  of  utilizing 
as  much  of  the  light  as  possible  becomes  of  fundamental  im- 
portance. The  particular  problem  for  which  the  instrument 
is  intended  will  require  a  certain  resolving  power  and  dis- 
persion, which  in  a  prism-spectrograph  will  correspond  to  a 
definite  and  unavoidable  loss  of  light  by  absorption  and  reflec- 
tion at  the  prisms  and  lenses. 

To  obtain  the  required  purity  of  spectrum  it  is  necessary 
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to  use  a  slit  of  small  aperture,  at  which  an  additional  loss 
occurs,  due  ( i  )  to  the  diminished  area  of  the  image  source, 
and  (2)  to  diffraction  at  a  narrow  slit.  This  loss  at  the  slit 
depends  upon  the  linear  slit  width,  while  the  purity  of  the 
spectrum  depends  only  upon  the  angular  aperture  of  the  slit, 
as  seen  from  the  center  of  the  collimator-lens.  It  is  evidently 
possible,  then,  to  preserve  the  purity  and  at  the  same  time  avoid 
some  of  the  loss  at  the  slit,  by  employing  a  collimator  of  suf- 
ficient focal  length  and  aperture,  and  a  slit  of  greater  linear 
width.  The  importance  of  this  principle  in  the  design  of 
astronomical  spectrographs  was  first  pointed  out  by  Professor 
Campbell.* 

The  loss  of  light  by  diffraction  at  a  narrow  slit,  for  the 
region  of  spectrum  A=  i.8/a  and  for  slit-widths  from  o  to 
o.s111111,  has  been  investigated  by  Professor  Abbot!  in  his 
bolometric  researches  in  the  infra  red  spectrum  of  the  Sun. 
For  the  region  of  spectrum  and  slit-widths  employed  in  line 
of  sight-work  no  data  are  available  for  the  loss  by  diffraction 
at  the  slit,  and  with  a  view  to  supplying  these  the  present 
investigation  was  undertaken. 

In  spectrographic  work  we  are  interested  in  photographic 
intensities.  A  photographic  method  of  comparing  relative 
intensities  from  slits  of  different  apertures  was  therefore 
selected.  Tlie  spectrum  <>f  a  constant  source  of  light  was 
photographed,  using  a  slit-width  .<  mj  inch  and  thirtv  seconds 
exposure.  This  was  taken  a>  divine;  a  standard  image  den>it\. 
T< »  obtain  the  relative  intensit\  (\uc  to  anv  other  slit  width, 
sa\  .001  inch,  a  graduated  serifs  <>t  exposures  vva^  Loven  with 
this  width  of  slit.  \n  exposure  of  sixtv-si\  seconds  for  a 
slit  .(mi  inch  gives  the  same  image  density  a-  that  of  <»ur 
standard.  The  photographic  intensitv  dtte  to  a  slit  .00 1  mch 
is  taken  as  being  proportional  to  thirty  sixtv-sixths  the  photo- 
graphic intensitv  due  to  a  slit  a  ioij  inch.  Anv  slight  croc  due 
to  the  assumption  that  the  densitv  of  a  photographic  image  is 
proportional  to  the  product  of  the  exposiuv  time  and  mtenshv 
of  the  incident   light  is  not  effective  in  the  present   experinunl -. 

The  Mills  spectrograph,  mounted  upon  the  ^f.-inch  n- 
fractor.   was  directed   toward   the  region  of  the  sky  <>"      \orih 

*W    \V.  CAMh.M.i.T'n-    Mills  Sp   .  Uo-iapli  of   iIk-  I.u  k  «  »>-.—,  ■mitniv.     .  O.W- •'.■•.  ■    ■-:/ 
/.-//#  o:,\  Vol.  \'!II,  1-  >. 
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Declination  and  hour-angle  six  hours  away  from  that  of  the 
Sun.  The  telescope  was  driven  by  the  clock  in  order  to  elim- 
inate the  effect  of  the  variation  of  the  plane  of  polarization 
of  sky-light  with  reference  to  the  plane  of  the  instrument. 
In  this  way  a  source  of  light  was  obtained  which  was  found 
to  be  fairly  constant  when  the  hour-angle  of  the  Sun  was  not 
greater  than  one  hour.  To  guard  against  the  effect  of  any 
variation  in  the  sky-light,  the  exposures  were  made  in  this  way 
(say  for  a  slit  .001  inch), — slit  .002  inch  30  seconds  exposure; 
slit  .001  inch  and  63,  64,  and  65  seconds  exposure,  respec- 
tively; slit  .002  inch  and  30  seconds  exposure;  slit  .001  inch 
and  66,  67,  and  68  seconds  exposure;  slit  .002  inch  and  30 
seconds  exposure.  It  is  possible  to  detect  a  five  per  cent  vari- 
ation in  the  image  density  by  such  a  method  of  comparison. 
In  the  following  table  are  given  the  exposures  from  the 
mean  of  five  plates  for  different  slit-widths  required  to  pro- 
duce the  same  image  density  as  that  from  a  slit  .002  inch  and 
30  seconds  exposure,  for  the  region  A  4500  (the  center  of  the 
Mills  spectrogram).  The  last  column  gives  the  percentage 
of  loss  by  diffraction  for  slits  of  different  aperture  on  the 
assumption  that  no  light  is  lost  by  diffraction  at  a  slit  of  .004 
inch  and  that  the  exposure-time  varies  inversely  at  the  slit- 
width. 


Slit-Width   in 

Time  of  Exposure 

J    Percentage  Loss  by 

.001  Inch. 

in  Seconds. 

Diffraction. 

4.0 

I3.0 

1                  OO 

35 

I50 

|                   OO 

3-o 

17.5 

1                  4 

2-5 

22.0 

1                  8 

2.0 

30.O 

I3 

1.8 

34-5 

1                 15 

i-5 

42.5 

18 

1.4 

45-° 

1                 19 

i-3 

49-5 

20 

1.2 

55-0 

22 

1.0 

66.0 

24 

0.9 

77.0 

25 

0.8 

86.5 

26 

o-7 

103.0 

28 

0.6 

134.0 

l                35 

0.5 

172.0 

40 

From  the  above  it  will  be  seen  that  the  loss  by  diffraction 
increases  very   rapidly  for  slits  of  linear  aperture  less  than 
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.0007  inch.  On  the  assumption  that  the  light  incident  upon 
the  slit  is  parallel,  it  can  be  shown  that  for  a  slit-width  .0007 
inch  the  width  of  the  principal  maximum  of  the  diffraction 
pattern  is  equal  to  the  diameter  of  the  collimator-lcns,  (the 
constants  of  which  in  the  Mills  spectrograph  are,  focal  length 
=  722.4mm,  effective  aperture  =  38mm).  A  further  decrease 
in  slit-width  will  throw  part  of  the  principal  maximum  off  of 
the  collimator-lens,  causing  a  rapid  decrease  in  the  intensity 
of  the  light. 

A  comparison  of  Abbot's  results  with  those  given  above 
will  show  his  values  for  the  loss  by  diffraction  at  a  narrow 
slit  to  be  relatively  much  greater  than  the  ones  obtained  in 
the  present  experiments.  A  little  consideration,  however,  will 
indicate  the  cause  of  this  discrepancy  (aside  from  the  fact 
that  the  wave-length  employed  by  him  is  four  times  that  used 
in  the  present  work)  is  due  to  the  difference  in  the  angular 
aperture  of  the  collimator  in  the  two  instruments.  Abbot 
used  a  collimator  of  angular  aperture  of  about  one  fifth  that 
of  the  Mills  spectrograph.  We  should  therefore  expect  the 
loss  by  diffraction  in  his  experiments  to  be  relatively  much 
greater  than  that  obtained  here. 

With  the  Mills  spectrograph,  in  line  of  sight- work,  a  slit 
of  linear  aperture  .0013  inch  is  found  to  give  sufficient  purity. 
\m\v  a  collimator-lens  <>i"  twice  the  diameter  and  focal  length 
of  the  present  one  (neglecting  the  increased  absorption  «.f 
such  a  lens)  would  theoretically  enable  us  to  utilize  about  _\^ 
times  as  much  light,  as  we  should  then  he  able  to  doiiblr  the 
slit-width. 

(>n  the  other  hand,  the  corresponding  effective  diameter 
ni  the  collimator-lens  would  he  about  three  inches.  It  is 
ver\  doubtful  whether  it  is  advisable  to  iw  larger  prism- 
than  are  cmploved  in  the  present  instrument,  for  several 
reasons.  To  mention  onl\  one,  such  prisms  by  their  greater 
absorption  would  reduce  greatly  the  increase  of  light  gained; 
in    the  above   manner. 

The  substitution  <A  a  reflection  grating  tor  the  prisms  may 
he  possible,  but  here  we  encounter  the  difficulty  of  mounting 
a  reflection-grating  so  that  it  cannot  move  and  at  the  same 
time  not  be  cramped.  Also,  since  for  a  retlection  grating  ther. 
is    no    position    of   minimum    deviation,    a    displacement    ^\    the 
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grating  produces  a  corresponding  shift  in  the  lines  of  the 
spectrum. 

We  may  use  a  Cassegrainian  reflector  of  great  relative 
focal  length  and  a  collimator-lens  of  small  linear  aperture. 
However,  for  average  seeing  the  image  would  be  larger  for 
the  instrument  of  greater  focal  length,  and  while  we  should 
gain  some  light,  the  gain  would  not  be  proportionate. 

The  telescope  and  spectroscope  of  greatest  efficiency  will 
be  those  in  which  the  best  compromise  is  made  between  the 
various  opposing  factors ;  and  this  will  depend  to  a  considerable 
extent  upon  the  class  of  work  for  which  the  instrument  is 
intended. 

Lick  Observatory. 

VARIABLE   STAR   NOTES. 
By  Rosk  O'Halloran. 

V  Cassiopeia'. 
When  first  discovered  in  December,  1893,  by  Dr.  Anderson, 
of  Edinburgh,  V  Cassiopeice  was  supposed  to  be  a  temporary 
star,  but  further  observation  showed  that  it  ranged  from  about 
seventh  to  twelfth  magnitude  in  a  period  of  229  days.  Though 
in  a  field  thickly  strewn  with  small  stars,  it  may  be  found 
without  circles  by  means  of  two  stars  of  sixth  magnitude  with 
which  it  forms  an  obtuse  triangle.  These  are  numbered  1  and 
2  in  Flamsteed's  catalogue,  the  variable  being  about  half  a 
degree  northeast  of  the  latter,  or  in  R.  A.  2311  ym  22*,  Decl. 
-f-  59°  8'  4".  Near  the  date  of  predicted  maximum,  August 
15th,  it  was  observed  as  follows: — 

1904. 
July   10.     Brighter   than   any   of    the    closely   adjacent   stars. 

Equal  to  c. 
July   15  and  17.     Equal  to  d,  less  than  b. 
July  30.     Brighter  than  b. 
Julv  31.     Ditto.     Night  very  clear. 
August  1  and  11.     Brighter  than  a,  which  is  the  brightest  of 

the  numerous  stars  about  one  third  of  a  degree  to  the 

northeast.     V  seems  fully  of  7.5  magnitude,  but  is  less 

than  star  of  6.8  magnitude  to  the  west. 
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August  29.     Less  than  a,  brighter  than  b. 
September  2.     Ditto. 
September  6.     Less  than  b,  equal  to  d. 
September  12.     Less  than  d,  equal  to  e. 
September  18.     Equal  to  e.    Moonlight. 

U  Cassiopeia. 

This  variable  changes  from  eighth  to  fifteenth  magnitude 
in  276  days.  The  following  observations,  taken  during  the 
last  two  years,  accord  with  intermediate  stages  of  predicted 
maxima  and  minima : — 

1902. 
September  24.     Brighter  than  the  faint  star  about  one  minute 

of  an  arc  north  of  it.     In  the  accompanying  chart  it  is 

below  it  and  marked  g. 
October  23.     Brighter  than  e,  less  than  d. 
October  28.     Equal  to  d. 
October  31.     Brighter  than  d,  less  than  c. 
November  3.     Ditto. 

1903. 
August  16,  23,  and  29.     Brighter  than  e,  less  than  d. 
September  2,  8,  13.  and  14.     About  two-tenths  magnitude  less 

than  c. 
September    \(\      Decreased,  but  still  brighter  than  </. 
September   2<j.      l.ri^'bter  than   c,   less  than   (/,  equals   <:'. 
October    12.      Dimmer  than  <\  brighter  than   <\ 
(  )ctober   2^.      I  .ess  than  ,-. 
\ovember  (>.      Invisible. 

1^04. 
July    12.      l.ri fitter  than  </,  less  than   c. 
July    15.      Ditto. 
July   31.      Equals  /'.  less  than  r,  brighter  than  ^. 

\tiqust    1.      Less  than  /,  brighter  than  ^. 

\iiir,ust    1  t.      Equals  ,^. 
September  ('),  12,  and   18.      Invisible. 

This  variable  is  in  the  vicinity  of  ( iijiicrcii  in  ( './.o.v/v/i/. 
In  the  charts,  the  comparison  stars  are  named  alphahrticallv. 
acc<  >n  liner  to  magnitude. 


Astronomical  Society  of  the  Pacific.  209 


$? 


* 


I 


* 


»* 


*>• 


fX 


2 1  o  Publications  of  the 

W  Auriga. 

Occasional  observations  of  this  star  were  taken  as  follows : 
1904 — January  4,  12,  and  21,  February  5.     Invisible. 

The  maximum  was  predicted  for  August  15th,  but  cloudi- 
ness delayed  observation  until  the  20th,  when  it  was  invisible, 
though  A'  and  /  of  1 1  and  11.5  magnitude  were  distinctly  seen. 
The  morning  was  clear  and  a  high  power  was  used.  On  Sep- 
tember 8th  it  was  also  invisible,  though  k  wras  discernible  in 
a  hazy  atmosphere. 

X  Aquila>. 

As  the  minimum  of  X  Aquila>  was  due  on  July  21.  1904, 
its  vicinity  was  observed  with  a  four-inch  telescope,  in  which 
stars  of  twelfth  magnitude  are  discernible  in  very  clear  weather. 
Seventeen  observations  were  taken  from  the  nth  of  June  to 
the  1 2th  of  September,  but  it  was  invisible.  Several  of  the 
evenings  were  very  clear.  It  may  have  decreased  below  twelfth 
magnitude. 

PLANETARY  PHENOMENA  FOR  SEPTEMBER  AND 
OCTOBER,  1904. 


By  Malcolm  McNeill. 

imiasi'.s  of    i  uk  moon,   pacific    i  i  m  ! 

Last  (Juartrr,   Sept.    2,     6h  5*'"  p.m.        Last  (Juartt  r,  Oct.  2,  v  s~'1'  ^-M- 

New  Moon,          "       9,    12  43    I'M.        \Yu   Moon,         "  >,  g    25    p.m. 

First  (Juart'T,      "      i(\     7    [3    a.m.        Lirst  (Quarter,     "  is.  Q    54     p.m. 

Lull  Moon.           "     24.      9  50    a.m.        Lull  Moon,          "  24,  2    51  ■>    am 

Last  Ouarter.      "  31,  ^    13     p.m. 

The  autumnal  equinox,  the  time  when  the  Sun  erodes 
the  Equator  from  north  to  south,  occurs  September  J^d.  4  a.m.. 
Pacific  time. 

The  second  of  the  two  eclipses  of  the  year  occurred 
September  9th.  It  was  a  total  eclipse  of  the  Sim.  but  it  was 
not  visible  from  any  part  of  the  I'nited  States.  The  line 
oi  totality  ran  across  the  Pacific  from  a  position  eastward 
of  the  Caroline  Islands  to  the  western  coast  of  South  America. 
Unfortunately  there  are  practically  no  good  observing  stations 
along-   the   line    as    seen    on    ordinary    maps.      This    is    doubly 
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unfortunate  as  the  duration  of  totality  is  a  long  one,  6m  24s, 
and  this  would  give  an  unusually  good  opportunity  for  obser- 
vations of  the  outer  portions  of  the  corona,  while  the  brighter 
inner  parts  are  behind  the  Moon's  disc,  more  than  in  an  eclipse 
of  shorter  duration,  the  apparent  disc  of  the  Moon  being 
larger  than  that  of  the  Sun  by  an  amount  unusual  at  a  time 
of  eclipse.  The  duration  of  totality  was  about  the  same  for 
the  eclipse  of  May  17,  1901,  but  the  average  duration  in  total 
solar  eclipses  is  only  about  half  as  great. 

Mercury  on  September  1st  is  an  evening  star,  setting  about 
half  an  hour  after  sunset.  It  rapidly  nears  the  Sun  and  passes 
inferior  conjunction  on  September  15th.  From  that  time  until 
the  last  night  in  October  it  is  a  morning  star.  It  reaches  great- 
est west  elongation,  17°  54',  on  October  1st,  and  then  rises  an 
hour  and  a  half  before  sunrise.  Until  the  middle  of  October 
the  interval  is  an  hour  or  more.  The  period  is  therefore  a  good 
one  for  seeing  the  planet  as  a  morning  star.  The  planet  will 
be  quite  near  the  Moon  on  the  evening  of  October  7th. 

Venus  is  now  an  evening  star,  and  has  moved  far  enough 
away  from  the  Sun  to  be  seen  in  the  evening  twilight  soon 
after  sunset.  It  sets  about  forty  minutes  after  the  Sun  on 
September  1st,  an  hour  on  October  1st,  and  an  hour  and  a 
half  on  November  1st.  It  passes  about  30  north  of  Spica, 
a  Virginis  on  September  23d.  There  is  a  close  approach  to 
the  Moon  on  the  evening  of  September  10th,  the  day  after 
New  Moon. 

Mars  is  a  morning  star,  slowly  falling  behind  the  Sun  in 
their  common  eastward  motion.  It  rises  a  little  after  3  a.m. 
on  September  1st,  and  at  a  little  after  2  a.m.  on  October  31st. 
It  moves  360  eastward  and  130  southward  from  Cancer  into 
Leo,  and  on  September  28th  passes  about  i°  north  of  Regains, 
a  Leonis.  Its  actual  distance  from  the  Earth  has  begun  to 
diminish,  and  there  is  a  consequent  increase  in  brightness,  but 
it  does  not  amount  to  much  as  yet.  However,  there  will  be  no 
difficulty  in  seeing  it,  as  it  will  be  brighter  than  a  second- 
magnitude  star. 

Jupiter  rises  at  8:40  p.m.  on  September  1st,  at  6:36  on 
October  1st,  and  at  4:20  on  November  1st.  It  reaches  oppo- 
sition with  the  Sun  on  the  afternoon  of  October  18th.  It 
moves  about  6°   westward  and  nearly  30    southward   in  the 


2 1 2  Publications  of  the 

constellation  Pisces.  There  are  few  bright  stars  in  that  region 
of  the  sky.  The  late  autumn  and  early  winter  evenings  will 
give  a  fine  opportunity  for  observations  of  this  planet. 

Saturn  is  also  in  good  position  for  evening  observation. 
It  is  on  the  southern  meridian  at  10:33  P-M-  on  September  1st, 
and  at  6:27  p.m.  on  November  1st,  and  sets  about  five  hours 
later  than  its  time  of  meridian  passage.  It  moves  westward 
about  20  in  the  eastern  part  of  Capricorn  until  October  19th, 
and  then  begins  to  move  slowly  eastward. 

Uranus  is  in  the  southwestern  sky  in  the  evening.  It  is  on 
the  meridian  at  7  p.m.  on  September  1st,  and  at  3:06  p.m.  on 
November  1st,  and  sets  about  four  and  one  half  hours  later. 
On  account  of  its  faintness  it  cannot  be  seen  with  the  naked 
eye  except  when  it  is  at  a  considerable  distance  from  the 
horizon.  It  is  stationary  on  September  4th,  and  then  begins 
to  move  slowly  eastward,  moving  about  i°  30'  up  to  the  end 
of  October.  It  is  west  and  a  little  north  of  the  group  known 
as  "  the  milk  dipper,"  in  Sagittarius,  but  no  bright  stars  are 
very  near. 

Neptune  is  in  Gemini.  Toward  the  end  of  October  it  rises 
about  9  p.m. 

During  the  early  morning  of  October  27th  the  Moon  will 
pass  over  the  Hyadcs  group  in  Taurus,  and  a  number  of  the 
brighter  stars   will  be  occulted. 


Il.WF.TARV    RHEXOMEXA    FOR    XuVEMRER    AND 
DECEMBER,    HJ04. 

By   Malcolm   McXkii.i.. 

i'hasfs  of  tmk  moon.  pacific  tl.mf. 

New  Moon,      Nov.    7,     7h  37In  a.m.        New  Moon,      Dec     *S,  7b  46"'  r.M. 

First  (Juarter,     "      14.    4   35     p.m.        First  (Juarter,     li      14,  2      7     i\m. 

Full  Moon,          "      22,    712     p.m.        Full  Moon,          ,l      22,  i«>      1      \.m. 

Last  (Juarter,      "      2Q,  ii    38     p.m.        Last  <Juarter.      "      29,  7    46     \.M. 

The  Sun  reaches  the  winter  solstice  and  winter  begins 
December  2 1st.   10   p.m..   Pacific  time. 

The  Earth  is  in  perihelion  December  31st.  [>  p.m.,  Pacific 
time. 
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Mercury  passes  superior  conjunction  with  the  Sun  on  the 
morning  of  October  31st,  and  remains  an  evening  star  until 
the  morning  of  December  31st.  It  reaches  its  greatest  east- 
ern elongation,  200  30'.  on  the  morning  of  December  13th, 
and  then  sets  at  a  little  less  than  an  hour  and  a  half  after  sun- 
set. For  a  week  or  more  before  and  after  that  date  it  may  be 
seen  in  the  evening  twilight;  but  the  duration  of  its  visibility 
is  not  as  great  as  it  is  when  the  greatest  eastern  elongation 
conies  in  the  spring  months.  Early  in  December,  before  it 
comes  to  greatest  elongation,  it  will  be  in  the  most  southern 
part  of  its  orbit.  This  will  cause  the  interval  between  sunset 
and  the  setting  of  the  planet  to  be  smaller  than  usual,  and 
retard  the  time  of  its  becoming  visible.  Also  the  interval 
between  greatest  elongation  and  inferior  conjunction  is  only 
seventeen  days.  The  corresponding  interval  for  the  preceding 
period  was  ten  days  longer.  In  December  the  planet  is  in 
the  part  of  its  orbit  nearest  the  Sun,  passing  perihelion  only 
a  few  days  before  coming  to  conjunction,  and  consequently  it 
moves  much  faster. 

Venus  is  also  an  evening  star,  and  the  interval  between 
the  setting  of  the  Sun  and  of  the  planet  increases  rapidly. 
On  November  1st  it  is  about  an  hour  and  a  half,  on  December 
31st  it  is  nearly  three  hours  and  a  half,  and  the  planet  is 
nearly  out  to  its  greatest  eastern  elongation.  The  reason  for 
the  comparatively  rapid  increase  now,  as  compared  with  the 
slow  increase  of  interval  for  some  months  after  superior 
conjunction,  is  this — up  to  about  December  1st  the  planet  was 
south  of  the  Sun ;  after  that  date  it  begins  to  be  more  and  more 
north  of  the  Sun.  This  causes  the  rapid  increase  in  interval 
from  sunset  to  the  setting  of  the  planet.  The  eastward  motion 
of  the  planet  among  the  stars  has  been  comparatively  uniform. 
On  November  16th,  10  p.m.,  it  passes  i°  28'  south  of  Uranus, 
and  on  the  morning  of  December  28th  it  is  o°  48'  south  of 
Saturn.  At  the  beginning  of  November  it  is  about  40  north 
of  A nt ares,  a  Scorpii. 

Mars  is  drawing  farther  away  from  the  Sun  and  rising 
earlier;  on  November  1st  it  rises  at  2:21  a.m.  and  on  Decem- 
ber 3 1  st  at  1  :i6  a.m.  It  moves  about  320  eastward  and  130 
southward  from  Leo  into  Virgo.  On  December  27th  it  is  40 
north  of  Spica,  a  Virginis.     On  the  morning  of  December  2d 
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there  is  a  very  close  approach  to  the  Moon,  and  an  occultation 
in  some  places.  On  November  29th  the  planet  reaches  its 
greatest  distance  in  miles  from  the  Sun,  although  it  is  now 
nearer  the  earth  by  a  considerable  amount  than  it  was  at  the 
time  of  its  greatest  distance,  early  in  July.  In  consequence 
of  the  diminished  distance  from  the  Earth,  more  than  counter- 
balancing the  increase  of  distance  from  the  Sun,  Mars  at  the 
end  of  December  will  be  about  two  and  one  third  times  as 
bright  as  it  was  on  July  1st.  This  is  an  increase  of  almost 
exactly  one  magnitude,  and  at  the  end  of  the  year  it  will  be 
about  as  bright  as  a  first-magnitude  star  like  Spica. 

Jupiter  is  in  fine  position  for  evening  observation.  It  passed 
opposition  with  the  Sun  on  October  18th.  and  is  now  well  above 
the  horizon  at  sunset.  It  crosses  the  meridian  at  10:46  p.m. 
on  November  1st,  and  at  6:39  P-M-  on  December  31st.  It  sets 
rather  more  than  six  hours  after  meridian  transit.  Until  about 
the  middle  of  December  the  planet  is  moving  westward  in  the 
constellation  Pisces.  It  then  begins  to  move  eastward;  but 
the  whole  motion  during  the  two  months  is  less  than  30. 

Saturn  is  still  in  good  position  for  observation  in  the  west- 
ern sky  in  the  evening,  although  it  draws  rather  close  to  the 
Sun  toward  the  end  of  the  year.  It  sets  at  it  .26  p.m.  on 
November  1st  and  at  7:50  p.m.  on  December  31st.  crossing 
the  meridian  about  live  hours  earlier.  It  iv  in  the  eastern  part 
(»t  ('iipru'crn  and  moves  about  4  eastward  during  the  two 
m<  inths. 

Cramis  is  too  near  the  Sim  to  be  seen.  It  is  in  con  junction 
on  December  22*1,  and  changes  from  an  evening  to  a  morning 
star.      It    is   still   in  Sagittarius  and   moves   about  4     eastward. 

Xcptitnc  is  in  opposition  with  the  Sun  on  the  evening  of 
1  Vcembcr  jStb. 

The  first-magnitude  star  .■\Uicbaran.  a  Tauri.  will  Ikj 
occulted  by  the  Moon  on  the  evening  of  December  20th.  The 
occultation  will  he  visible  from  most  parts  of  the  I'nited  States. 


NOTICES   FROM   THE   LICK   OBSERVATORY.* 


Prepared  by  Members  of  the  Staff. 


The  Double  Star  OS  21. 
In  July  of  the  present  year  I  found  that  the  6,3-magnitude 
star,  6J^m  preceding  <p  Andromeda3  and  7'  north  of  it*  is  a  close 
double   star      Measures   on    four  nights   give   the    following 
result : — 

1904.54         361  °.o         o".22         6.2-8.0  magnitudes. 

In  view  of  the  past  history  of  this  star,  this  discovery  is 
both  interesting  and  surprising. 

It  was  first  noted  as  a  double  star  by  Otto  Struve  in  1845, 
and  was  measured  by  him  on  four  nights,  between  1845  and 
1851,  with  accordant  results,  the  mean  of  which  is:  170°. 6 
o",56  6.9-8.2  magnitudes.  This  pair  is  known  as  OS 21,  and 
was  measured  in  1884  by  both  Seahroke  and  Smith  with 
results  in  fair  agreement  with  Sthuve's  ;  and  again  on  one 
night  in  1898  by  Hussey,  who  obtained  t6o°.7  and  o"-74. 

If  this  were  the  complete  micrometric  history  of  the  star 
it  would  be  v^ry  interesting,  because  of  the  great  change  appa- 
rently observed  between  1898  and  1904 ;  but  in  view  of  the 
meagerness  of  the  observations  there  would  be  nothing  very 
surprising  about  it. 

But  from  the  account  given  by  Professor  Hussky  in  his 
"Observations  of  the  Pu! ko wa Dou bl e S ta rs"  (Lick  Observatory 
Publications,  vol,  V,  p.  39),  it  appears  that  Dembowski  could 
not  measure  this  pair  in  1864,  1865  or  1878;  that  Madlek,  in 
1845,  measured  a  seventh- magnitude  star  a  little  preceding  this 
star,  obtaining  45 °. I  tfjgj,  and  supposed  he  was  measuring 
OS  21  ;  that  Duknham  measured  Madlmr's  pair  in  1878,  1879, 
and  1891,  and  expressly  stated  that  in  the  two  former  years  he 
could  not  find  any  other  pair  in  that  vicinity ;  and  finally,  that 

*  Lick  Astronomical  Department  of  the  University  oi  California. 
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Hussey  himself  was  unable  to  see  OS21  double  on  many  nights 
in  1898  and  1900  (also  in  1902,  see  L.  O.  Bulletin,  No.  40), 
even  with  the  36-inch  telescope.  As  Professor  Hussey  points 
out.  it  seems  impossible  to  reconcile  his  positive  measure  with 
the  subsequent  negative  results,  and  equally  dfficult  to  explain 
the  agreement  of  his  measure  with  Otto  Striae' s  if  some 
other  pair  was  observed  by  either  by  mistake. 

My  measures  only  add  to  the  puzzle,  for  it  does  not  seem 
possible  that  the  new  companion  can  be  identical  either  with  the 
one  measured  by  Otto  Struve  or  with  the  one  seen  by  Pro- 
fessor Hussey.    The  explanation  must  be  left  to  the  future. 

September  2,  1904.  R.  G.  AlTKEN. 

Unsuccessful  Search   for  Periodic  Comets. 

It  is  generally  best  to  keep  silent  about  searches  of  any  kind 
that  result  unsuccessfully,  but  occasionally  it  happens  that  fail- 
ure has  a  value  only  second  to  success.  This  seems  to  apply 
with  special  force  to  the  search  for  periodic  comets  whose  orbits 
are  supposed  to  be  well  known,  and  whose  position  in  the  sky. 
according  to  the  predicted  motion,  is  favorable  for  observation. 
I  therefore  wish  to  place  on  record  the  fact  that  I  have  looked 
for  every  periodic  comet  predicted  to  return  to  the  neighbor- 
hood of  the  earth  during  the  past  two  years,  using  the  30-inch 
telescope  under  the  best  obtainable  conditions.  With  the  ex- 
ception ai  l»kouk>"s  comet,  1889  Y,  1890  VI,  which  was  found 
cln.se  to  its  predicted  place  on  the  first  night's  search,  none  of 
the  comets  looked  for  have  been  seen.  Some,  like  Pfkrinf's 
comet  last  year,  and  Tkmvi.e's  comet  (  1873  TI  )  this  year  were 
so  nearly  in  line  with  the  Sun  that  their  position  could  hardly 
be  regarded  as  favorable.  (  Hhers,  like  (  li.\i  <  »r,i \  1  's  comet  last 
year  and  Wolf's  comet  the  present  vear.  were  not  far  from  op- 
position at  the  time  of  search,  and  the  failure  to  see  them  must 
be  due  either  to  the  extreme  faintness  of  the  objects  or  to  the 
uncertainty  of  the  predicted  pontons.  It  is  not  feasible  with  a 
telescope  as  large  as  the  30-inch  to  examine  a  vcrv  large  skv 
area  for  a  faint  comet.  Mv  practice  has  been  to  chart  the  pre- 
dicted position  of  the  comet  and  to  examine  minutelv  with  a 
low-power  eye-piece  about  a  square  degree  of  the  sky  about  this 
position  :  then,  more  rapidly,  several  more  square  degrees  along 
the  line  of  predicted  motion.  R.  ( ;.  A  it  ken. 

SepUmber  5,  n><q. 
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One  Hundred  and  Fifty-Five  New  Double  Stars. 

Lick  Observatory  Bulletin,  No.  61,  contains  detailed  meas- 
ures of  one  hundred  and  fifty-five  new  double  stars,  numbered, 
in  continuation  of  those  previously  published,  A  646  to  A  800. 

More  than  one  half  of  these  pairs  were  discovered  with  the 
12-inch  telescope,  but  nearly  all  of  the  measures  were  made 
with  the  36-inch. 

Only  two  pairs  whose  components  are  separated  by  more 
that  5"  are  included  in  this  list,  116  pairs,  or  75  per  cent  of  the 
whole  number,  are  separated  by  less  than  2",  and  13  pairs  are 
closer  than  o".25.  The  list  includes  two  naked-eye  stars,  and 
closer  components  to  five  pairs  catalogued  by  previous  observ- 
ers, viz.:  2  1506,  52588,  h  1541,  h  2027,  and  Espin  (unnum- 
bered). 

The  following  table  shows  the  classification  by  distance  be- 
tween the  components  of  the  800  A.  stars  now  published : — 


Distance. 

No.  of  Stars. 

Per  cent. 

o".oo  to  o".25 

58 

7-3 

O  .26   "    O  .50 

162 

20.2 

O  .51    "     I    .OO 

169 

21. 1 

I    .OI    "    2  .OO 

193 

24.1      ' 

2   .OI    "    5   .OO 

210 

26.3 

5  .01  "  5  .27 

8 

1.0 

September,  1904. 

R. 

G.  Aitken. 

The  Crocker  Eclipse  Expeditions  in  1905. 

(The  followinj?  announcement  by  Director  Campbell  was  made  in  Lick  Observatory 
Bulletin,  No.  59.) 

The  next  observable  total  solar  eclipse  occurs  on  August 
30,  1905.  It  is  remarkably  well  situated,  and  is  looked  forward 
to  with  great  interest.  The  shadow  path  begins  at  sunrise  south 
of  Hudson  Bay,  enters  the  Atlantic  Ocean  a  short  distance 
north  of  Newfoundland,  crosses  northeastern  Spain,  north- 
eastern Algiers,  and  northern  Tunis,  passes  centrally  over  As- 
suan  on  the  Nile,  and  ends  at  sunset  in  northeastern  Arabia. 
The  durations  on  the  coast  of  Labrador,  in  Spain,  and  at  As- 
suan  are  two  and  one  half,  three  and  three  fourths,  and  two 
and  three  fifths  minutes,  respectively. 

The  interval  of  two  hours  and  one  half  between  the  instants 
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of  totality  in  Labrador  and  Egypt  offers  an  unusual  advantage 
for  obtaining  large-scale  photographs  of  the  solar  corona,  with 
a  view  to  determining  changes  in  the  forms  and  positions  of  the 
delicate  details  of  structure.  The  opportunity  to  bring  the 
search  for  intermercurial  planets  to  a  satisfactory  conclusion  is 
also  exceedingly  promising.  Should  a  new  planet  be  observed 
at  three  stations,  the  interest  attaching  to  its  discovery  would  be 
heightened  by  the  fact  that  its  approximate  orbit  could  be  deter- 
mined at  once.  If  no  planets  are  revealed,  on  good  photo- 
graphs, the  negative  results  would  be  scarcely  less  valuable 
though  certainly  less  interesting  than  positive  results,  and  the 
intramercurial  planet  question  would  cease  to  be  a  pressing 
eclipse  problem. 

In  Spain,  the  high  altitude  of  the  eclipsed  Sun,  and  the 
promising  weather  conditions,  are  also  very  favorable  for 
polarigraphic.  spectrographs,  and  other  investigations. 

An  important  element  in  the  success  of  eclipse  observations 
consists  in  the  opportunity  to  prepare  the  instrumental  equip- 
ment, and  the  program  and  methods  of  observation,  well  in 
advance,  in  order  that  critical  tests  may  be  applied  to  them 
before  the  expeditions  depart  for  their  observing  stations. 

It  is  a  pleasure  to  announce  that  Mr.  William  H.  Crocker 
has  again  shown  his  interest  in  the  science  of  astronomy  by 
offering  to  meet  the  expenses  <»t  expeditions  to  be  sent  from 
the  Lick  Observatory  to  Labrador,  Spain,  and  bgvpt.  to  secure 
observations  of  the   K.J05  eclipse. 

The  provisional  program  for  the  three  stations  is.  in  the 
main,  as  lollows  : — 

I.AP.RA1N  >K. 

\  photographic  search  for  intramercurial  planets  in  a  region 
of  the  skv  X1  _.  wide,  extending  in  the  direction  <>t  the  solar 
equator  from  4     below  the  Sun  to  15     above  it. 

The  phot,  igraph v  oi  the  corona  bv  means  of  a  camera  ^\ 
live  inches  aperture  and  forty  feet  focus,  of  the  form  first  used 
bv  lYofessnr  Sen akim-'.rlk  at  the  eclipse  n\   iSov 

s  1  •  \  1  X  . 
A    photographic    intramercurial    search    covering    a    region 
«p  \      wide,  extending  in  the  direction  of  the  ^olar  equator  trout 
14     below  to   14     above  the  Sun. 
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The  photography  of  the  solar  corona  with  a  camera  of  five 
inches  aperture  and  forty  feet  focus. 

A  study  of  the  polarized  light  in  the  corona. 

The  use  of  spectrographs  provided  with  moving  plate-hold- 
ers to  obtain  a  continuous  record  of  changes  in  the  spectrum  of 
the  Sun's  edge  at  the  time  of  second  and  third  contacts ;  of 
spectrographs  for  determining  the  wave-length  of  the  green 
coronal  bright  line,  and,  if  possible,  the  wave-lengths  of  the 
bright  and  dark  lines  in  the  isolated  spectrum  of  the  Sun's  edge, 
as  nearly  as  possible  at  the  time  when  the  dark  lines  give  way 
to  bright  ones,  and  vice  versa;  and  of  a  spectrograph  for  record- 
ing the  general  spectrum  of  the  corona. 

EGYPT. 

A  photographic  intramercurial  search  8^2°,  extending  in 
the  direction  of  the  solar  equator  from  40  below  to  150  above 
the  Sun. 

The  photography  of  the  solar  corona  with  a  camera  of  five 
inches  aperture  and  forty  feet  focus. 

The  photography  of  the  general  spectrum  of  the  corona. 

The  Publication  of  the  Crossley  Reflector  Photographs 
of  Xeih'LvE  and  Star-Clusters. 

(Announcement  by  Director  Campbell  in  Lick  Observatory  Bulletin,  No.  59.) 

The  late  Director  Keeler's  observing  program  for  the  Cross- 
ley  Reflector  included  the  photography  of  about  one  hundred 
of  the  principal  nebulae  and  star  clusters.  The  portions  of  his 
program  available  for  observation  in  our  clear  summer  weather 
were  practically  complete  at  the  time  of  his  death ;  but  those  in 
position  during  the  cloudy  winter  months,  forming  nearly  a 
half  of  the  whole,  were  incomplete.  After  the  lamented  death 
of  Professor  Keeler,  Assistant  Astronomer  Perrine,  in  charge 
of  the  Crossley  Reflector,  made  it  his  first  duty  to  complete  the 
observing  program.  This  was  accomplished  in  September, 
1903.  The  importance  of  prompt  publication  of  this  invalu- 
able series  of  photographs  has  been  fully  realized,  but  diffi- 
culties, both  technical  and  financial,  have  existed.  Plans  have 
recently  been  completed  whereby  it  is  hoped  to  issue,  within 
the  coming  half-year,  a  volume  of  the  Lick  Observatory  Pub- 
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lications,  to  contain  high-class  reproductions  of  seventy-two  of 
the  principal  subjects,  as  well  as  a  list  of  several  hundred  new 
nebuhe  incidentally  recorded  on  the  negatives. 

The  purpose  of  this  announcement  is  that  suitable  ac- 
knowledgment may  be  made  concerning  the  generosity  of  the 
following  friends  of  the  Lick  Observatory,  who  have  provided 
funds  to  meet  such  portions  of  the  expenses  of  reproducing  the 
photographs  as  cannot  be  supplied  from  printing  funds  appro- 
priated by  the  State  of  California : — 

Mr.  William  Alvord, 
Mr.  E.  J.  De  Sabla, 
Mr.  John  B.  Jackson, 
Miss  Matilda  H.  Smith, 
Miss  Jennie  Smith, 
Mr.  Benjamin  Thaw, 
Mr.  Robert  Bruce, 
Mrs.  Phozbe  A.  Hearst, 
Mr.  E.  J.  Molera, 
Mr.  F.  M.  Smith, 
Mrs.  William  Thaw, 
Mr.  Robert  J.  Tobin. 

Tin-:    Six's   G>kona. 

I'miV.vsor  Svanik  At  oiM  Akkhlmi's.  of  the  chair 
of  physic**  in  [he  Cnivcrsitv  "f  Stockholm,  Sweden,  who 
spent  two  months  (hiring  tin-  slimmer  at  the  Cniver>it\ 
of  California,  is  the  author  of  Lick  Ohscr:  atcry  I<nL 
let  in,  \<».  58.  which  ^ives  hi>  observations  011  the  p!  \ -ical 
nature  of  the  Sim's  corona  as  ohserved  at  total  solar  eclipse. 
The  Bulletin  is  a  notahle  contrihntion  to  astronomical  literature 
in  that  it  reconciles  hitherto  conflicting  scientific  opinion  c<  n- 
cernine;'  an  important  phase  of  the  Sim's  constitution.  \n 
ahstract   of  the  LnUctin   is  as   follows:     - 

This  paper  was  written  hy  Professor  Akkhlnits  *lnr::iLT  his 
recent  visit  on  Mount  Hamilton  for  the  purpose  of  harmonizing 
the  apparently  conflicting  results  as  to  the  source-  of  the 
coronal  hTdit  ohtained  hv  the  Crocker  expeditions  from  the 
Lick    (  )hservatorv   and   1>\    the    Smithsonian    Institution    obser- 
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vations.  Astronomers  Campbell  and  Perrine  held  the  view 
that  the  light  of  the  inner  portions  of  the  corona  is  due  to  radi- 
ation from  minute  dust  particles  maintained  at  a  temperature 
of  incandescence  by  the  enormous  heat  of  the  adjacent  solar 
surface,  and  that  the  light  from  the  outer  corona  is  composed 
mainly  of  sunlight  reflected  and  diffracted  by  the  colder  dust 
particles  composing  this  part  of  the  corona.  The  Lick  Ob- 
servatory conclusions  were  based  upon  the  character  of  the 
spectrum  of  the  corona. 

The  Smithsonian  observers  measured  the  quantity  of  heat 
received  from  the  corona  and  were  surprised  to  find  that,  even 
in  the  immediate  proximity  of  the  solar  surface,  the  effective^ 
temperature  was  substantially  that  of  the  room  in  which  thev 
were  observing.  They  therefore  held  the  view  that  the  main 
source  of  light  from  the  corona  is  not  the  incandescence  of 
its  particles,  but  that  the  radiations  are  in  the  nature  of  an 
electrical  discharge.  Arrhenius  has  succeeded  in  harmonizing 
all  the  results  of  observation  by  showing  that  the  particles  in 
the  region  observed  must  be  at  a  temperature  of  about  8,ooo° 
Fahrenheit,  and  therefore  must  be  radiating  light  by  virtue  of 
their  incandescence,  but  that  the  particles  are  so  few  and  far  be- 
tween that  the  effective  temperature  observed  is  not  the  tempera- 
ture of  the  particles  themselves,  but  is  the  average  temperature 
for  the  incandescent  particles  and  the  cold  background  of  space 
upon  which  these  particles  are  seen,  here  and  there,  in  projec- 
tion. The  total  area  of  the  background  covered  by  the  particles 
in  projection  is  but  a  minute  fraction  of  its  whole  area.  The 
spectroscope  and  thermometric  observations  are  completely  har- 
monized by  assuming  that,  in  the  part  of  the  corona  observed, 
there  is  but  one  minute  dust  particle  for  each  fifteen  cubic  yards 
of  space. 

Arrhenius  has,  on  this  supposition,  computed  the  total 
mass  of  the  corona,  and  has  found  its  most  probable  value 
25,000,000  tons.  This  is  approximately  the  same  as  that  of  a 
cube  of  granite  whose  sides  are  670  feet  in  length.  The  quan- 
tity of  matter  involved  in  the  corona  is  thus  shown  to  be  ex- 
ceedingly slight,  considering  that  it  occupies  a  space  whose 
dimensions  in  every  direction  amount  to  several  millions  of 
miles.  W.  W.  Campbell. 
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On  Some  Results  Obtained  by  the  D.  O.  Mills  Expedition 
to  the  Southern  Hemisphere.* 

In  the  extended  program  for  determining  the  velocity  of  the 
solar  system  through  space  by  means  of  the  radial  velocities  of 
the  stars,  which  has  been  in  progress  at  the  Lick  Observatory 
for  seven  years,  the  need  had  long  been  felt  for  extending  the 
scope  of  the  work  so  as  to  cover  the  entire  sky.  For  a  full  and 
rigorous  solution  of  the  problem  it  seemed  absolutely  impera- 
tive that  the  neglected  portion  of  the  southern  sky  within  6o° 
of  the  South  Pole  be  included.  The  generosity  of  Mr.  D.  O. 
Mills  made  it  possible  to  supply  this  deficiency.  As  is  well 
known,  the  equipment  sent  to  South  America  consisted  of  a 
powerful  three-prism  spectrograph  attached  to  a  37-inch 
reflector  of  the  Cassegrainian  form.  The  Observatory  is  situ- 
ated on  the  summit  of  Cerro  San  Cristobal  in  the  city  of  San- 
tiago, Chile,  and  definite  work  on  the  program  was  commenced 
on  September  11,  1903,  by  Astronomer  W.  H.  Wright  and  Dr. 
H.  K.  Palmer.  Up  to  June  1,  1904,  three  hundred  and  eight 
successful  spectrograms  had  been  secured. 

One  of  the  most  interesting  "  by-products"  of  the  spectro- 
graphic  determination  of  the  solar  velocity,  as  carried  out  at 
Lick  Observatory,  has  been  the  discovery  that  at  least  one  in 
every  seven  or  eight  of  the  brighter  stars  are  spectroscopic 
binaries.  Similar  results  arc  being  secured  at  the  Southern 
Station,  and  in  Lick  Ohscrrutorx  Bulletin,  \n.  no,  Mr. 
W'kiciit  announces  the  binarv  character  of  five  stars:  ft  Pt>ra- 
diis.   l\r  I  'durum.  A  (  '<//'///<//.  k  J\r:'onis.  ami  r  Sii^ittarii. 

Mr.  \\  K'ioiit  has  ahn  succeeded  in  measuring  the  dift'eruic 
in  radial  velocity  >»t  the  components  of  the  visual  binary  a  lV/;- 
tiUtri.  b'rom  a  combination  of  these  data  with  the  visual  ele- 
ments, as  is  well  known,  the  parallax  can  be  obtained  with 
great  accuracy  and  without  the  assumptions  as  to  the  great 
distance  ni  the  comparison-Mars  used  which  must  be  made  in 
heliometrically  determined  parallaxes. 

The  values  secured  are:  — 


0  .70 

0  . 

3  .46  ■■ 

■    1 0 

1  -9 

<  Iill  and  Ki.kixVs  value  from  heliometer  observations  wa- 
o".J*5  +nr'.oi,  relative  to  the  comparison-stars  used,  which  were 
of  average  magnitude  7.0.  II.    I).   Ci'Kiis. 


*  Abstr.iet  ot    /./' 


GENERAL    NOTES 


The  Astronomical  Journal  of  May  20th  contains  an  article 
on  the  orbit  of  the  fifth  satellite  of  Jupiter,  by  Emily  Eliza- 
beth Dobbin.  The  elements  of  Dr.  Cohn  have  been  corrected 
by  the  observations  of  Professor  Barnard  made  subequent  to 
1894.  "The  most  noticeable  feature  of  these  results  is  the 
smallness  of  the  eccentricity,  as  compared  with  that  obtained 
by  Dr.  Cohn  and  ML  Tisserand.  Whether  the  change  is  real, 
and  denotes  a  progressive  perturbation  which  will  end  in  re- 
ducing the  ellipse  to  a  perfect  circle,  or  is  an  accidental  one, 
can  only  be  decided  after  another  decade  or  more." 

The  computer  has  used  only  the  observations  of  Professor 
Barnard  and  justifies  this  course  by  the  statement :  "Only  the 
observations  of  Professor  Barnard  are  considered  in  this  paper, 
though  I  am  aware  of  the  extensive  labors  of  Dr.  R.  G.  Aitken 
of  the  Lick  Observatory.  The  homogeneity  gained  by  exclud- 
ing such  observations  seems  to  more  than  balance  any  loss  in 
quantity," 

This  reasoning  seems  a  bit  odd  to  some  of  us  who  have 
been  "brought  up"  differently.  The  procedure  amounts,  prac- 
tically, to  rejecting  all  observations  except  Professor  Bar- 
nard's. There  is  some  question  as  to  what  the  author  means 
by  homogeneity,  and  it  is  to  be  regretted  that  further  explana- 
tion is  not  given.  Dr,  Aitken's  observations  of  the  Fifth  Satel- 
lite were  made  by  connecting  it  with  one  or  more  of  the  other 
satellites,  while  Professor  Barnard's  were,  I  believe,  made  by 
measuring  the  distance  of  the  satellite  from  Jupiter's  limb. 
Here  are  two  quite  different  methods  of  observing  and  in 
order  to  make  the  two  series  comparable  it  might  be  necessary 
to  employ  reduction  factors  whose  exact  values  are  not  known. 
It  is  to  be  inferred,  however,  from  the  sentence  quoted  above 
that  it  would  have  been  possible  to  include  other  observations. 

Beginners  usually  find  it  very  easy  to  reject  observations 
and  most  teachers  of  the  Method  of  Least  Squares  have 
to  spend  considerable  time  trying  to  teach  their  students  that 
observations  should  never  be  rejected  except  for  good  and 
sufficient  reasons.  These  can  be  defined  in  a  general  way*  but 
as  far  as  my  experience  goes  "lack  of  homogeneity"  has  never 
been  accepted  as  a  good  and  sufficient  reason.     Tf  there  is  a 
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difference  between  the  results  of  two  series  of  observations  there 
is  but  one  explanation,  namely,  that  either  one  or  both  of  the 
series  is  affected  by  systematic  errors.  To  be  sure,  smaller  prob- 
able errors  and  nicer  looking  results  may  usually  be  obtained  by 
using  only  one  series  of  observations,  but  if  two  or  more  series 
be  employed  the  probabilities  are  that  the  results  will  be  nearer 
the  truth.  To  obtain  as  nearly  the  truth  as  possible  should  be 
the  aim  of  every  scientific  investigation.  In  the  present  case 
the  aim  seems  to  have  been  to  satisfy  as  nearly  as  possible  one 
man's  observations.  Instead  of  rejecting  other  observations  the 
computer  should  welcome  them  with  open  arms,  and  if  the 
number  becomes  unwieldy  it  would  be  better,  in  general,  to 
reject  some  of  each  rather  than  all  of  one.  An  excellent  ex- 
ample of  the  benefit  to  be  derived  from  combining  the  observa- 
tions made  with  different  instruments  has  been  brought  forth 
recently  by  Mr.  Hinks,  in  his  determination  of  the  solar  paral- 
lax from  observations  of  Eros,  reference  to  which  may  be 
found  on  page  225.  S.  D.  T. 

The  Astrophysical  Journal  for  June  contains  an  interesting 
article  by  Professor  Langlky,  on  a  possible  variation  of  the 
solar  radiation  and  its  probable  effect  on  terrestrial  tempera- 
tures.     Pv    way    of    introduction    Professor    Lwcirv    <tate- : 
I  lu-  purpose  nt  tin-  present  Communication  U  ]  -rima  n  1  \   n    d;- 
cu.ss   ilk-   validity   of    a    MirmiM'   we   ma\    entertain,    founded    «■; 
observations   Ik-iv.   a-   to  certain    ]  >•  «^>il  >K-   changes    111    tin-    -<>!;.• 
constant.      There   is   especially    di-cu^sed    a    pussjble    falling    ")':' 
of  solar  radiation  about  the  close  (1f  March.    io<>,v  a-  iudicared 
by  certain   recent    values  of  s,,lar  radiation   computed    ii-m  .  T 
M-rvations  here,  and  compared  with  actuallv  observed  tenuura 
Hires    tor  eiedn  \ -nine   Mation-  of  the    \nrth   Temperate   /«»ne.'" 

\\  it  bout  m  mul:  into  the  <  K  ■  t  a  i  1  s  of  the  observations  we  <ju«  h 
1  Yoless, ,,-    I  ..\.\t,i  iw  ">    >umniar\    and   Conclusion:   "A    -erie-    of 
determinations   (1f    1 1  u-    solar   radiation    <. inside    the   atnios|,]lt  - 
I  the  >olar  constant  1.  extending   from  <  Vtober.    looj.  to   Marcl 
1004.    has    been    made    at    the    Smithsonian    A-tn  -ph\  «dcai    ■  )] 
-erwatory  under  the   writer'.-  direction. 

*'  (  are  has  been  cxercivd  to  determine  all  known  soutw  s  ,  1 
error  which  could  >crioiisly  atf'ect  the  values  relativel\  to  <acb 
other,   and    principally    the    \ar\m^   absorption    of   the    Hanh's 
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atmosphere.  Though  uncertainty  must  ever  remain  as  to  the 
absorption  of  this  atmosphere,  different  kinds  of  evidence  agree 
in  supporting  the  accuracy  of  the  estimates  made  of  it  and  of 
the  conclusions  deduced  from  them. 

"The  effects  due  to  this  absorption  having  been  allowed  for, 
the  inference  from  these  observations  appears  to  be  that  the 
solar  radiation  itself  fell  off  about  10  per  cent,  beginning  at  the 
close  of  March,  1903.  I  do  not  assert  this  without  qualification, 
but  if  such  a  change  in  solar  radiation  did  actually  occur,  a 
decrease  of  temperature  on  the  Earth,  which  might  be  in- 
definitely less  than  7°-5  C,  ought  to  have  followed  it 

"On  comparing  the  observed  temperatures  of  89  stations, 
distributed  over  the  North  Temperate  Zone,  with  the  mean 
temperatures  of  the  same  stations  for  many  previous  years,  it 
is  found  that  an  average  decrease  of  temperature  of  over  20  C. 
actually  did  follow  the  possible  fall  of  the  solar  radiation,  while 
the  temperature  continued  low  during  the  remainder  of  the 
year.  Stations  remote  from  the  retarding  influence  of  the 
oceans  show  a  much  greater  variation  than  that  of  the  general 
mean. 

"While  it  is  difficult  to  conceive  what  influence,  not  solar, 
could  have  produced  this  rapid  and  simultaneous  reduction 
of  temperatures  over  the  whole  North  Temperate  Zone,  and 
continued  operative  for  so  long  a  period,  the  evidence  of  solar 
variation  cannot  be  said  to  be  conclusive.  Nevertheless,  such  a 
conclusion  seems  not  an  unreasonable  inference  from  the  data 
now  at  hand,  and  a  continuation  of  these  holographic  studies 
of  solar  radiation  is  of  increasing  interest,  in  view  of  their 
possible  aid  in  forecasting  terrestrial  climatic  changes,  con- 
ceivably due  to  solar  ones." 


In  the  Monthly  Notices  for  June  Mr.  Hinks,  of  Cambridge 
Observatory,  presents  an  interesting  article  on  the  determina- 
tion of  the  solar  parallax  from  a  reduction  of  photographs 
of  Eros.  Mr.  Hinks  developed  some  methods  of  reduction, 
and  in  order  to  test  their  practicability  secured  from  several 
observatories  measurements  of  all  the  plates  taken  between 
November  7th  and  15th,  which  is  only  a  small  part  of  the 
interval   over  which  photographs  of  Eros  were  taken.     The 
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measurements  were  contributed  by  the  observatories  at  Al- 
giers, Cambridge,  Minneapolis,  Mount  Hamilton,  Northfield, 
Oxford,  Paris,  San  Fernando,  and  Tacubaya,  and  a  total  of 
295  plates  are  discussed  in  the  paper. 

The  value  of  the  parallax  obtained  is  8".7966,  which  is 
in  very  close  agreement  with  the  value  used  in  the  almanacs. 

Almost  all  of  the  measurements  were  found  to  be  affected 
by  systematic  errors  of  some  sort,  many  of  which  it  would 
have  been  impossible  to  find  had  the  measurements  made  at 
each  observatory  been  discussed  separately.  This  is  an  excel- 
lent illustration  of  the  point  which  I  have  attempted  to  bring 
out  in  the  first  one  of  these  notes, — that,  in  general,  it  is  always 
better  if  possible  to  discuss  together  the  observations  made 
with  various  instruments  rather  than  to  take  alone  those  made 
by  one  man  with  one  instrument  to  the  exclusion  of  all  others. 

S.  D.  T. 


The  following  notes  have  been  taken  from  recent  numbers 
of  Science: — 

Dr.  Michelerhana,  of  the  Observatory  of  Milan,  has  been 
made  director  of  the  observatory  at  Bologna. 

Mr.  H.  C.  Russell,  government  astronomer  of  Xcw  South 
Wales,  will  retire  at  the  end  of  the  present  year,  after  a  service 
of   fort}- six  years. 

Professor  Simon  Nkwcomb  has  been  elected  correspond- 
ing member  of  the  Perlin  Academy  of  Sciences. 

M.  IIamv,  assistant  astronomer  in  the  Paris  <  >bser\ator\ . 
has  been  appointed  astronomer  in  the  room  of  the  late  M. 
Callandkkat. 

Dr.  Hans  Pattkkman,  astronomer  at  the  Perlin  <  Observa- 
tory, has  been  made  director  ni  the  observatory  and  protYs>or 
of  astronomv  at    Koiiigsberg. 


The  following  interesting  announcement  is  taken  from 
Science: — 

With  the  aid  of  a  grant  of  $10,000  from  the  Carnegie  Insti- 
tution, for  use  (hiring  the  current  year,  the  Yerkes  (  )lxervatorv 
of  the  I  niversity  of  Chicago  lias  sent  an  expedition  to  Mr. 
Wilson    (  ^,8$()  feet),   near   Pasadena.   California,   tor   the  pur- 
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pose  of  making  special  investigations  of  the  Sun.  The  prin- 
cipal instrument  to  be  erected  on  the  mountain  is  the  Snow 
horizontal  telescope,  recently  constructed  in  the  instrument  and 
optical  shops  of  the  Yerkes  Observatory  as  the  result  of  a 
gift  from  Miss  Helen  Snow,  of  Chicago.  This  telescope  is 
a  coelostat  reflector,  the  ccelostat  mirror  having  a  diameter  of 
thirty  inches.  A  second  plane  mirror,  twenty-four  inches  in 
diameter,  reflects  the  beam  north  from  the  ccelostat  to  either 
one  of  two  concave  mirrors,  each  of  24-inch  aperture.  One 
of  these  concave  mirrors,  of  about  sixty  feet  focal  length,  is 
to  be  used  in  conjunction  with  a  solar  spectrograph  of  five 
inches  aperture  and  thirteen  feet  focal  length ;  a  spectrohelio- 
graph  of  seven  inches  aperture,  resembling  the  Rum  ford 
spectroheliograph  of  the  Yerkes  Observatory;  and  a  stellar 
spectrograph  provided  with  a  large  concave  grating  and 
mounted  in  a  constant-temperature  laboratory.  It  is  hoped 
that  it  will  be  possible  with  this  stellar  spectrograph  to  photo- 
graph the  spectra  of  a  few  of  the  brightest  stars,  For  fainter 
stars  the  spectrograph  is  to  be  provided  with  several  prisms, 
for  use  singly  or  in  combination.  The  second  concave  mirror 
of  the  ccelostat  reflector  is  designed  to  give  a  large  focal  image 
of  the  Sun,  especially  adapted  for  investigations  with  a  power- 
ful spectroheliograph  and  for  spectroscopic  studies  of  sun-spots 
and  other  solar  phenomena.  The  focal  length  of  this  mirror 
is  about  145  feet,  so  that  it  will  give  a  solar  image  about  six- 
teen inches  in  diameter.  The  spectroheliograph  for  use  with 
this  large  solar  image  is  to  be  seven  inches  aperture  and  thirty 
feet  focal  length.  For  the  present,  until  a  suitable  grating 
can  be  obtained,  the  dispersive  train  of  this  instrument  will 
consist  of  three  prisms  of  450  refracting  angle,  used  in  con- 
junction with  a  plane  mirror,  so  as  to  give  a  total  deviation 
of  1800.  The  motion  of  the  solar  image,  of  which  a  zone 
about  four  inches  wide  can  be  photographed  with  the  spectro- 
heliograph, will  be  produced  by  rotating  the  concave  mirror 
about  a  vertical  axis  by  means  of  a  driving-clock,  A  second 
driving-clock,  so  controlled  as  to  be  synchronous  with  the 
first,  will  cause  the  photographic  plate  to  move  behind  the 
second  slit.  Three  slits  will  be  provided  at  this  point,  so  as 
to  permit  photographs  to  be  taken  simultaneously  through  as 
many   different  lines  of  the  spectra.     It   is  hoped   that   this 
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spectroheliograph  will  prove  to  be  well  suited  for  use  with 
some  of  the  narrower  dark  lines  of  the  solar  spectrum. 

The  work  of  the  expedition  is  under  the  immediate  direc- 
tion of  Professor  George  E.  Hale,  director  of  the  Yerkes 
Observatory.  During  his  absence  Professor  E.  B.  Frost  will 
be  in  immediate  charge  of  the  Yerkes  Observatory,  with  the 
title  of  acting  director.  Professor  Frost  will  also  be  the 
managing  editor  of  the  Astro  physical  Journal.  Mr.  Ferdinand 
Ellerman  and  Mr.  Walter  S.  Adams  will  be  associated  with 
Professor  Hale  in  the  work  on  Mt.  Wilson. 

Professor  S.  W.  Ritchey,  superintendent  of  instrument 
construction  at  the  Yerkes  Observatory,  will  be  in  charge  of 
an  instrument-shop  which  is  being  fitted  up  for  the  expedition 
to  Pasadena. 

The  following  obituary  notice  of  Theodore  Bredichin 
is  taken  from  the  July  number  of  the  Observatory: — 

With  regret  we  have  to  announce  the  death  of  this  distin- 
guished Russian  astronomer,  which  took  place  on  May  14th 
last.  Bredichin,  who  was  a  member  of  a  noble  family,  was 
born  at  Nicolajoff  on  December  8,  183 1.  He  was  first  educated 
at  the  Richelieu  Lyceum  in  Odessa,  and  in  1851  became  a 
student  in  the  physico-mathematical  faculty  of  the  University 
<>f  M<^c<>\v.  In  the  Year  1S57  he  was  made  Professor  c^\ 
Astronomy,  and  in  1S73  Director  of  the  I'niversity  Observa- 
tory. Me  approached  astronomy  from  man}-  sides,  lie  was 
the  hrM  in  Russia  to  make  spectroscopic  observations  of 
stars.  lie  made  observations  of  star-positions.  o[  time  of 
swiii£-  of  pendulums,  but  his  most  famous  works  are  his  val- 
uable contributions  to  the  theorv  of  the  forms  of  comets  and 
of  meteor  streams.  Tn  the  year  iS<)i  he  succeeded  Otto 
S'l'Ki  yi.  as  Director  of  the  Russian  Xational  Observatory  at 
Roulkova.  from  which  office  he  retired  in  1S04  on  account  of 
advancing  years  and  the  state  of  hK  health,  for  which  the 
climate  of   Roulkoya  was  not  suitable. 


Dr.  1s\ac  Roia-.kTs,  l\  R.  S..  died  in  July  last  in  hisscventv- 
fil'th  \ear.  A  lar^e  portion  of  his  life  was  devoted  to  spectrum 
analv-i-.    a-tronoinv.    and    other    kindred    branches    i^\    science. 
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For  several  years  he  pursued  stellar  photography  with  power- 
ful instruments  specially  constructed  for  the  purpose,  and  suc- 
ceeded in  adding  considerably  to  the  knowledge  of  the  stars, 
clusters,  and  nebuke.  In  1885  he  commenced  to  chart  by  pho- 
tography the  stars  in  the  northern  hemisphere  of  the  sky,  but 
ere  he  had  been  a  year  engaged  upon  this  work  the  French 
astronomers  arranged  that  the  charting  of  the  stars  should  be 
done  internationally  on  a  uniform  scale  by  instruments  of  sim- 
ilar construction.  Dr.  Roberts  thereupon  turned  his  attention 
to  special  researches  on  star-clusters  and  nebulae,  with  long 
exposures  of  the  photographic  plates.  These  photographs  have 
been  regarded  with  the  highest  interest  and  admiration  wher- 
ever they  have  been  exhibited.  He  devised  a  method  and  a 
machine  by  which  the  stars  that  have  been  photographed  can 
with  accuracy  be  engraved  directly  from  the  negatives  on 
copper  plates  for  the  purpose  of  printing;  the  machine  is  also 
adapted  for  measuring  the  positions  and  magnitudes  of  the 
stars. 


The  annual  visitation  of  the  Royal  Observatory,  Greenwich, 
took  place  on  the  first  Saturday  of  June.  The  visitors  included 
Sir  David  Gill,  Director  of  the  Observatory  at  Cape  of  Good 
Hope,  who  was  on  a  visit  to  England. 

One  rather  unexpected  feature  in  trje  Astronomer  Royal's 
report  is  that,  in  spite  of  the  unprecedented  rainfall  of  last  year. 
the  number  of  observations  in  all  departments  is  unusually 
high,  the  number  of  transits  obtained  with  the  transit  circle 
being  13,270,  the  greatest  number  on  record.  In  addition  to 
the  continuous  observation  of  Sun,  Moon,  and  planets,  this 
instrument  is  devoted  to  the  formation  of  a  complete  catalogue 
of  all  the  stars  from  the  first  to  the  ninth  magnitude  that  lie 
within  26  degrees  of  the  North  Pole.  The  total  number  of 
stars  is  about  10.000,  five  observations  of  each  being  required. 
This  work  is  so  well  advanced  that  it  has  been  decided  to  close 
the  observations  for  the  catalogue  at  the  end  of  1905,  a  year 
earlier  than  was  originally  intended. 

The  Moon  was  observed  106  times  with  the  transit  circle 
and  88  times  with  the  altazimuth,  the  results  showing  that  the 
Right  Ascensions  given  in  the  Nautical  Almanac  require  to  be 
increased  by  0.19  second  on  the  average.     The  amount  of  the 


230  '    Publications  of  the 

correction  has  been  increasing  rather  rapidly  in  recent  years, 
indicating  that  the  mean  motion  used  by  the  Nautical  Almanac 
(Hansen  corrected  by  Newcomb)  is  slightly  too  small. 

One  important  feature  of  last  year's  work  has  been  the 
exhaustive  analysis  to  which  the  observations  of  the  Moon 
made  at  Greenwich  during  the  last  150  years  have  been  sub- 
jected by  Mr.  Cowell.  He  devised  a  method  which  enor- 
mously diminishes  the  labor  of  the  analysis.  One  of  the  most 
interesting  terms  is  that  known  as  the  parallactic  inequality, 
from  which  the  Sun's  distance  is  deducible;  the  coefficient  of 
this  is  found  to  be  124.75  seconds  of  arc,  implying  that  the 
Sun's  parallax  is  8.778  seconds  and  his  distance  93,130,000 
miles.  The  semi-diameter  of  the  Moon  is  found  to  be  933.75 
seconds  of  arc,  about  one  third  of  a  second  less  than  Hansen's 
value,  and  one  second  greater  than  th£  value  deduced  from  oc- 
cultations,  the  difference  being  chiefly  due  to  irradiation  at  the 
Moon's  bright  limb.  It  would  appear,  therefore,  that  this  irra- 
diation is  less  than  was  formerly  supposed.  It  may  be  noted 
that  the  Nautical  Almanac  will  shortly  supply  predictions  for 
Greenwich  of  occultations  of  stars  down  to  the  seventh  magni- 
tude, which  will  considerably  increase  the  number  of  predicted 
phenomena.  The  great  28- inch  equatorial  has  been  devoted  en- 
tirely to  double-star  work;  512  pairs  were  observed,  of  which 
178  were  less  than  one  second  apart,  and  85  less  than  half  a 
second.  The  two  most  difficult  pairs  were  Kappa  J-\\^asi 
(observed  on  14  nights)  and  I:psiiou  Jlydnr  (observed  on  four 
nights),  the  distance  in  each  case  being  one  tenth  of  a  secoii.i. 

A  very  interesting  photograph  of  Kokkf.li.y's  Comet  was  ob- 
tained on  August  1st,  with  an  exposure  of  fortv  minutes:  it 
shows  nine  distinct  tails  arranged  in  the  form  of  a  fan.  the 
shape  resembling  that  of  Sw  1 11s  Comet  of  the  preceding  Year. 

Idle  Sun  was  photographed  at  (  ireenwich  on  220  davs.  and 
plates  from  Mauritius  and  India  are  available  on  \22  days, 
leaving  only  23  days  in  the  year  without  a  record;  some  ..f 
these  will  be  filled  up.  as  there  are  some  more  plates  to  come 
from  Mauritius.  The  solar  activity  shows  a  notable  increase: 
there  were  only  25  days  without  spots,  as  compared  with  K;o 
in  the  previous  year,  and  the  mean  daily  spotted  area  increased 
sixfold. 

It  may  be  mentioned  that  a  series  of  photographs  illustrai  - 
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ing  the  work  of  the  Royal  Observatory  has  been  sent  to  the  St. 
Louis  Exhibition. — Extract  from  The  Times  of  June  6,  1904. 


Four  hundred  and  fifty  guests  were  invited  by  the  French 
Astronomical  Society  to  pass  the  night  on  the  Eiffel  Tower, 
Paris,  on  "Tuesday,  the  21st  of  June,  date  of  the  Summer 
Solstice/'  The  gathering  was  the  first  of  the  sun  festivals 
which  the  Astronomical  Society,  inspired  by  its  poetically 
tempered  ex-President,  M.  Flammarion,  has  resolved  to  per- 
petuate. It  is  simply  a  scientific  festival,  with  the  propagation 
of  popular  interest  in  the  wonder  and  beauty  of  the  universe  as 
one  of  its  chief  motives.  All  were  congregated  on  the  first 
landing  of  the  tower,  when  the  crash  of  a  gun  down  below,  on 
terra  firma,  announced  that  the  Sun  had  at  that  moment  reached 
the  solstice.    Time,  twenty-eight  seconds  past  nine. 

The  venerable  President  of*  the  Society.  M.  Janssen,  wel- 
comed his  guests  at  the  theater  on  the  first  landing  and  read  a 
short  discourse,  after  which  M.  Flammarion  delivered  an  elo- 
quent address  on  Sun  worship  in  the  world's  past,  on  the  Sun's 
influence  in  the  stellar  system,  and  on  astronomical  discovery. 
The  address  was  followed  by  a  great  many  beautiful  illustra- 
tions projected  on  a  white  screen.  After  that  there  were  hymns 
to  the  Sun,  invocations  to  the  Sun  and  prayer  to  the  Sun,  from 
composers  and  poets,  sung  and  repeated  by  artists  from  the 
Opera.  A  luxurious  luncheon  at  midnight  followed.  There- 
after about  fifty  guests  went  to  the  top  of  the  tower  and 
waited  for  sunrise. — From  the  London  Daily  Ndvs. 


The  honorary  degree  of  D.  Sc.  has  been  conferred  by  the 
University  of  Oxford  on  Sir  David  Gill,  Astronomer  Royal, 
Cape  of  Good  Hope. 
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COMET-MEDAL. 

The  Comet-Medal  of  the  Astronomical  Society  of  the  Pacific 
has  been  awarded  to  William  R.  Brooks,  astronomer,  Geneva, 
New  York,  for  his  discovery  of  an  unexpected  comet  on  April 
16,  1904. 

The  Committee  on  the  Comet- Medal : 

W.  W.  Campbell, 
Chas.   Burckhalter. 
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should  be  direr  led  to  Astronomical  Society  of  the  Pacific,  819  Market  Street,  San  Francisco, 

It  is  Intended  that  each  member  of  the  Society  sha'l  receive  a  copy  of  each  one  of  tbe 
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the  Secretaries  be  at  once  notiried,  in  order  that  the  missing  numbers  may  be  sup 
Members  are  requested  Lo  preserve  the  copies  of  the  Publications  of  the  Society  as  sent  to 
them,  Qnce each  year  a  title-page  and  content  5  of  the  preceding  numbers  will  also  he  sent 
to  the  members,  who  can  then  bind  the  numbers  together  into  a  volume.  Complete 
volumes  for  past  years  will  also  be  supplied,  to  members  only,  so  far  as  I  he  stock  in  hand 
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non-resident  member  whhin  the  United  Stales  can  obtain  books  from  the  Society's  library 
by  sending  bia  library  card  with  left  tents  in  slumps  to  I  he  Secretary  A.  S.  P.,  810  Market 
Street  ,  San  Francisco,  who  will  return  the  book  and  the  card. 

The  Com  mi  1  tee  on  Publication  desires  to  say  that  the  order  in  which  papers  arc 
printed  in  the  Publications  is  decided  simply  by  convenience.  In  a  general  way,  ttufee 
pipers  are  printed  first  which  are  earliest  accepud  for  publication.  It  is  nol  poss' 
send  proof  sheets  of  papers  to  be  printed  to  authors  whose  residence  is  not  within  tin 
United  Stales.  The  responsibility  for  the  views  expressed  in  the  papers  printed  rests  with 
the  writer s*  and  is  not  assumed  by  the  Society  jlselr. 

The  title*  of  papers  for  reading  should  be  communicated  to  either  of  the  Secretaries  as 


send  to  any  member  of  the  Society  suitable  stationery,  stamped  with  the  seal  of  the 
Society,  at  cost  price,  as  follows;  a  block  of  letter  paper,  40  cents;  of  note  paper,  35  < ,-rn  ■-.. 
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OX    DOUBLE    STARS.* 
By  R.  G.  Aitken. 

In  the  ten  minutes  allotted  to  me  this  morning  I  wish  to 
offer  some  general  considerations  relating  to  double-star  as- 
tronomy, to  describe  more  particularly  the  work  now  in  prog- 
ress at  the  Lick  Observatory,  and  to  make  some  suggestions  as 
to  the  lines  of  future  investigation  that  seem  to  me  to  promise 
the  largest  returns  for  the  time  and  labor  invested. 

Only  a  century  has  passed  since  Sir  William  Herschel 
announced  the  existence  of  physical  systems  among  the  stars, 
and  but  little  more  than  three  quarters  of  a  century  since 
Struvk  laid  the  sure  foundations  for  a  new  department  of 
sidereal  astronomy  by  the  publication  of  the  "Mensurse  Micro- 
metrioe."  From  an  astronomer's  view-point,  these  are  short 
periods,  and  double-star  astronomy  is  still  in  the  primary  stages 
of  its  development.  Still,  far  more  has  been  accomplished  by 
the  zealous  efforts  of  its  devotees  than  can  be  mentioned  even 
briefly  in  the  limits  of  this  paper. 

Taking  account  only  of  the  double  stars  within  1200  of  the 
North  Pole,  Burn  ham,  in  1896,  found  that  nearly  eleven  thou- 
sand objects  were  included  in  the  published  catalogues.  Less 
that  half  this  number  deserved  the  name  of  double  star,  judged 
by  our  present  standards ;  for  in  the  absence  of  any  criterion 
based  upon  observation,  the  earlier  observers  very  properly 
made  their  limits  much  wider  than  would  be  excusable  to-day. 
Of  the  four  thousand  or  five  thousand  objects  that  might  fairly 
be  called  double  stars,  not  more  than  eighteen  hundred  had 


*  Read    before  the  Section   Astrometry,  International  Congress  of  Arts  and  Science, 
St.  Louis,  September  2t,  1904. 
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distances  of  2"  or  less.  Nearly  eight  hundred  of  these  close 
pairs  were  discovered  by  Burnham  himself,  and  many  of  the 
others  were  added  by  Hough,  See,  arid  other  recent  observers. 
Between  two  hundred  and  three  hundred  pairs  had  given  defi- 
nite evidence  of  orbital  motion,  and  in  about  fifty  cases  the 
observed  motion  was  sufficiently  great  to  form  the  basis  for 
approximately  accurate  orbits. 

During  the  nineteenth  century  astronomers  devoted  a  great 
deal  of  time  to  the  important  task  of  measuring  these  double 
stars,  especially  those  contained  in  the  catalogues  of  the  two 
Struves  and  of  Burnham,  and  a  vast  amount  of  observational 
material  was  accumulated.  Unfortunately  these  measures  as 
a  whole  are  not  readily  accessible  to  observers,  being  widely 
scattered  through  the  publications  of  observatories,  the  trans- 
actions of  academies  of  science,  and  the  scientific  periodicals 
of  Europe  and  America.  For  this  reason  much  time  has  been 
wasted  in  unnecessary  duplication  of  measures.  Even  more 
time,  perhaps,  has  been  thrown  away  because  too  many  observ- 
ers in  their  zeal  have  tried  to  make  measures  under  unsatis- 
factory observing  conditions  and  often  of  objects  beyond  the 
power  of  their  telescopes.  Such  work  only  introduces  con- 
fusion, and  must  ultimately  be  rejected  as  valueless. 

So  far  as  the  double  stars  already  discovered  are  concerned. 
I  am  convinced  that  mir  first  need  is  a  (General  Catalogue  that 
will  ,^'ive  not  onlv  the  position  of  evcrv  known  double  star. 
with  its  description,  but  also  enough  measures  of  every  pair  to 
show  the  nature  of  the  motion,  if  motion  has  been  observed, 
together  with  complete  references  to  all  published  measures. 
Important  contributions  in  this  line  have  recently  been  made 
bv  I  wis  with  his  '"Reference  Catalogue  of  Southern  Double 
Stars,"  and  bv  lit  ssi.y  with  his  complete  monograph  on  the 
"Otto  Struve  Double  Stars."  A  much  more  important,  be 
cause  far  more  comprehensive  work  is  the  <  iencral  (ataloe-iu 
that  l»i'K\ii.\\i  has  been  en^ao-ed  upon  for  man\'  vear>.  This 
work'  is  now  in  press,  and  all  who  are  interested  in  double-star 
astroiiomv  rejoice  at  the  prospect  of  its  early  publication. 

In  the  second  place,  the  experience  <^\  the  past  centurv  has 
made  it  clear  that  the  wider  double  stars  of  the  older  cata- 
logues need  ver\  little  attention,  and  that  even  the  moderately 
close   pairs— those    having   distances   of    from    2"   to    z," — need 
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be  measured  but  once  in  ten  to  twenty  years.  Observers 
having  access  to  good  telescopes  should  therefore  devote  their 
time  mainly  to  the  measurement  of  the  double  stars  with  dis- 
tances under  2",  especially  those  that  have  already  given  evi- 
dence of  motion  and  the  very  close  pairs  of  recent  discovery ; 
and  they  should  repeat  the  measures  of  the  same  stars  annually 
or  biennially,  according  to  the  rapidity  of  the  observed  motion, 
for  as  many  years  as  possible.  Such  a  systematic  series  of 
measures  of  two  hundred  or  three  hundred  selected  stars,  made 
by  a  single  observer  working  with  an  adequate  telescope  under 
good  conditions,  will  in  twenty  years'  time  add  more  to  our 
knowledge  of  the  binary  systems  than  sporadic  measures  of 
fifty  times  as  many  pairs  by  a  dozen  observers. 

But  at  the  present  time,  when  many  leaders  of  astronomical 
thought  are  making  extensive  researches  into  stellar  statistics, 
there  are  other  questions  relating  to  double  stars,  besides  the 
theory  of  the  motion  in  any  particular  system  or  systems,  that 
are  o*f  the  greatest  interest. 

What  is  the  number  of  double  stars  relatively  to  all  the 
stars  to  a  given  magnitude?  Is  this  ratio  the  same  for  the 
fainter  stars  as  for  the  brighter  ones?  Does  it  vary  in  differ- 
ent parts  of  the  heavens,  and,  if  so,  what  is  the  cause  of  the 
variation  ?  These  and  other  questions  relating  to  double-star 
statistics  demand  an  answer. 

The  catalogues  of  the  Herschels  and  the  Struves  do  not 
afford  the  data  needed  for  investigations  of  this  nature,  for  the 
discoveries  of  Burn  ham,  Hough,  and  others  have  demon- 
strated that  the  surveys  of  these  early  observers  were  not  nearly 
so  complete  as  their  immediate  successors  had  supposed.  And 
it  is  also  a  fact  that  the  work  of  none  of  the  later  double-star 
observers,  not  even  that  of  Burnham,  has  been  thorough  in 
the  sense  that  every  star  to  a  given  magnitude  in  a  given  sky 
area  has  been  examined.* 

A  systematic  search  for  double  stars  that  will  include  the 
careful  examination  of  every  star  to  the  eighth  or  ninth  magni- 
tude with  a  good  modern  telescope  under  favorable  observing 
conditions  is  therefore  a  prime  requisite  for  reliable  statistical 
researches  on  double  stars. 


*  This  statement,  of  course,  applies  only  to  telescopic  stars.    Burnham  hat  undoubtedly 
examined  every  naked-eye  star  visible  in  our  latitude,  most  of  them  repeatedly. 
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There  are  other  good  reasons  for  making  such  a  survey  of 
the  sky.  Accurate  meridian-circle  observations  are  now  ex- 
tending to  the  stars  of  the  ninth  magnitude,  and  stars  to  this 
magnitude,  and  even  fainter  ones,  are  in  daily  use  as  reference- 
points  in  the  measures  of  photographic  plates.  But  moderately 
close  double  stars  are  obviously  not  suited  to  such  uses ;  yet 
they  will  usually  escape  detection  in  meridian-circle  observa- 
tions and  very  often  also  on  the  photographic  plates. 

Such  considerations  as  these  led  me,  in  1899,  to  begin  a  sys- 
tematic examination  of  all  the  stars  given  in  the  Bonn-Durch- 
musterung  as  of  the  9.0  magnitude  or  brighter.  This  limit  was 
adopted  because  it  would  include  a  number  of  stars  (over  one 
hundred  thousand  in  the  northern  hemisphere)  sufficiently 
large  for  reliable  statistical  studies,  and  would  at  the  same 
time  include  nearly  all  the  stars  likely  to  be  observed  with 
accuracy  on  the  meridian. 

I  had  hardly  begun  my  search  when  I  found  that  Professor 
Hussey  had  independently  decided  to  undertake  a  similar  piece 
of  work.  We  at  once  made  plans  to  divide  the  field  between 
us  and  to  make  our  survey  thoroughly  systematic. 

The  sky  from  the  North  Pole  to  220  South  Declination  was 
divided  into  zones  of  varying  width,  and  these  were  so  appor- 
tioned that  about  half  of  this  sky  area  was  assigned  to  each 
observer.  We  decided  to  chart  to  a  convenient  scale  ah  the 
Mars  to  he  included  in  our  survey,  also  marking  <  >n  or.r  chart- 
the  position  and  description  ot  everv  double  -tar  alreadv  known. 
h.ach  star  was  to  he  examined  <  >n  at  leaM  one  good  night,  and 
even  new  double  star  tound  whose  components  were  sepa- 
rated by  5"  or  less  was  to  be  measured  on  two  ,  »r  more  nights 
and  catalogued.  We  adopted  this  limit  of  distance  after  a  cart 
fid  consideration  of  the  known  binarv  systems  as  being  wide 
enough  to  include  all  pairs  at  all  likeh  to  prove  ^\  interest  a- 
binaries.  At  the  same  time  this  limit  was  none  too  wide  if  we 
wished  our  lists  to  include  all  pairs  likeh  to  affect  meridian 
observations  or  the  measures  of  photographic  plates. 

I  laving"  formulated  our  general  programme,  we  ha\a.  given 
part  of  our  time  for  the  past  few  \ears  to  its  execution,  each 
observer  working  independentlv  but  in  entire  harm* -m  with 
the  other.  (  Hir  survev  is  not  <|m"te  half  completed,  but  the 
reMihs   already   obtained    haw    far   exceeded    * -wv   e\pec:  af  i^iiv 
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At  the  present  time*  Professor  Hussey  has  found  1,035  new 
pairs,  while  my  own  discoveries  exceed  875.  These  new  pairs 
are  practically  all  within  our  limit  of  5",  seventy-three  per  cent. 
of  them  have  distances  of  2"  or  less,  and  142  are  very  close 
pairs,  with  distances  under  0^.25.  The  number  of  pairs  of  this 
latter  class  in  all  other  catalogues  combined  is  less  than  100. 

I  have  made  counts  in  several  zones  40  wide,  and  from  90° 
to  3O0  long,  which  I  have  thoroughly  examined,  including  in 
all  more  than  twelve  thousand  stars  to  the  9.0  magnitude.  In 
these  zones  the  ratio  of  new  double  stars  to  the  whole  number 
of  stars  examined  varies  from  1  :  27  to  1  :  36;  hence  I  conclude 
that  a  ratio  of  3:  100  will  be  a  fair  average  for  the  whole 
region  so  far  surveyed.  This  ratio  refers  only  to  the  new 
discoveries.  When  we  include  such  of  the  double  stars  pre- 
viously known  as  fall  within  our  limits  of  magnitude  and 
distance,  counts  that  I  have  made  in  two  long  zones  show  that 
the  ratio  of  double  stars  under  5"  to  all  the  stars  to  9.0  magni- 
tude is   1  :  18  or   1  :  20. 

Xew  pairs  are  found  as  readily  in  the  well-observed  north- 
ern sky  as  in  the  zones  south  of  the  equator,  but  neither  the 
new  pairs  nor  those  previously  known  are  uniformly  distrib- 
uted over  the  sky.  There  are  large  areas  that  contain  very  few 
known  double  stars  in  which  we  have  added  but  few  new  pairs. 
In  other  large  areas  the  ratio  of  double  stars  to  all  stars  to  9.0 
magnitude  rises  as  high  as  1:8.  It  is  clear  that  such  facts  as 
these  have  a  physical  significance,  and  must  be  taken  into  ac- 
count in  framing  adequate  theories  of  cosmogony. 

These  ratios  are  only  first  approximations,  but  we  are  satis- 
fied that,  when  our  programme  is  fully  carried  out,  our  charts 
will  afford  ample  data  for  the  discussion  of  all  statistical  ques- 
tions relating  to  the  double  stars  within  11 2°  of  the  North  Pole. 
Of  course,  we  do  not  suppose  our  search  to  be  exhaustive,  but 
we  have  very  good  reasons  for  thinking  that  the  percentage  of 
visual  double  stars  that  are  overlooked  is  too  small  to  have  any 
sensible  effect  upon  general  conclusions. 

Xo  argument  is  needed  to  show  the  desirability  of  extending 
to  the  South  Pole  the  search  for  new  double  stars  on  the  sys- 
tematic plan  of  the  survey  now  in  progress  at  the  Lick  Ob- 
servatory.    Indeed,  when  we  consider  how  little  attention  the 

*  September  10,  1904. 
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southern  double  stars  have  received  in  the  past  and  how  com- 
pletely they  are  being  neglected  at  present,  it  is  clear  that  this 
is  the  most  important  double-star  work  that  can  now  be  under- 
taken,— especially  if  the  programme  is  made  to  include  the  re- 
measurement  of  the  closer  pairs  already  known. 

From  our  experience  at  the  Lick  Observatory,  it  is  my  opin- 
ion that  such  a  survey  can  be  carried  out  by  a  single  observer 
in  four  or  five  years'  time,  provided  his  telescope  is  as  favor- 
ably located  as  those  on  Mt.  Hamilton,  and  that  a  refractor  of 
from  twenty-four  to  twenty-seven  inches  aperture,  all  things 
considered,  is  best  adapted  to  the  work. 

We  find  that  on  good  nights  (seeing  three  or  more  on  a 
scale  of  five)  we  can  examine  from  two  hundred  to  two  hun- 
dred and  fifty  stars  per  night  without  undue  strain  upon  our 
eyes.  Assuming  that  the  number  of  stars  to  9.0  magnitude  in 
the  southern  hemisphere  is  not  much  greater  than  in  the  north- 
ern, six  hundred  nights  would  suffice  to  examine  the  stars  to 
this  magnitude  south  of  — 220  Declination,  and  to  measure  on 
two  or  three  different  nights  each  new  double  star  discovered. 
At  Mt.  Hamilton,  six  hundred  good  nights  would  ordinarily 
mean  about  four  years'  time. 

Examination  of  the  catalogues  of  double  stars  discovered  at 
the  Lick  Observatory  will  show  that  very  few  pairs  are  closer 
than  o".  15,  and  that  the  percentage  oi  pairs  with  <uu  c  in] 'fl- 
uent tainter  than  14.5  magnitude  is  als»>  verv  >niall.  I  h»-  \  iMial 
double  stars,  therefore,  that  are  beyond  the  reach  of  a  ^-id 
J4-inch  retractor  arc*  so  tew  that  such  a  telescope  is  adequate 
to  the  work,  and  the  greater  ease  with  which  it  can  !><■  handled. 
as  well  as  the  small  relative  cost,  seems  to  recommend  it  lor 
this  purpose  even  in  preference  to  another  vV » -inch.  Th>  as- 
sumes, of  course,  that  the  mechanism  of  the  mounting,  d-nn  . 
and  lit  nil"  <>t  the  smaller  telescope  is  as  perfect  and  a-  conve- 
nient  for  the  observer  as  that  of  our  vV>-inch. 

When  such  a  survey  of  the  entire  sk\  has  been  mad.  1;  will 
be  possible  to  discuss  double-star  statistics  with  reason,  a  Me  as- 
surance of  reaching  definite  and  reliable  conclusion-.  Thi- 
alone  will  be  ample  compensation  for  the  labor  and  ;:uv  re 
<|ihred  to  carrv  it  out.  I  he  verv  large  number  of  hm  iv-' ing 
hinarv  s\  stems  it  will  certainh  reveal  to  11s  is  a  strung  addi- 
ti<  >nal  incentive  to  the  work. 
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PLANETARY    PHENOMENA    FOR    JANUARY    AND 
FEBRUARY,  1905. 


By  Malcolm  McNeill. 


PHASES   OF   THE   MOON,    PACIFIC   TIME. 


New  Moon,      Jan.    5,  ioh  i7mA.M. 

First  Quarter,     "     13,  12  11    p.m. 

Full  Moon,          4t     20,  11   14   p.m. 

Last  Quarter,      4t     27,  4  20   p.m. 


New  Moon,     Feb.  4,    3h   6»a.m. 

First  Quarter,    "  12,    8  20   a.m. 

Full  Moon,         "  19,  10  52   a.m. 

Last  Quarter,     "  26,    2     4   a.m. 


The  first  of  the  four  eclipses  of  the  year  will  occur  on  Feb- 
ruary 19th,  and  will  be  a  partial  eclipse  of  the  Moon.  It  will  be 
visible  generally  throughout  the  eastern  hemisphere,  but  not  in 
the  western.  The  maximum  obscuration  will  be  a  little  less 
than  one  half  of  the  Moon's  diameter. 

Mercury  will  be  a  morning  star  throughout  January  and 
February.  It  passes  inferior  conjunction  with  the  Sun  Decem- 
ber 31.  1904,  reaches  greatest  western  elongation  on  January 
22(1,  and  will  come  to  superior  conjunction  on  March  9th.  It 
is  too  close  to  the  Sun  to  be  seen  on  January  1st,  but  rapidly 
increases  its  distance,  so  that  it  rises  more  than  an  hour  before 
sunrise  before  the  middle  of  the  month.  During  the  latter  half 
of  January  the  interval  is  never  less  than  an  hour.  After  Feb- 
ruary 1st  the  interval  becomes  much  shorter,  and  the  planet  is 
too  close  to  the  Sun  for  naked-eye  observations  after  the  first 
few  days  of  the  month.  The  greatest  elongation,  on  January 
22d,  is  240.  This  is  rather  greater  than  usual,  as  the  planet  is 
then  within  a  short  distance  of  aphelion,  which  comes  on  Feb- 
ruary 9th. 

Venus  continues  as  an  evening  star,  remaining  above  the 
horizon  about  three  and  one  half  hours  after  sunset  on  Janu- 
ary 1st,  and  this  interval  increases  to  nearly  four  hours  during 
February.  It  reaches  its  greatest  east  elongation,  46°  41',  on 
February  14th.  The  part  of  the  ecliptic  in  the  neighborhood  of 
the  planet  is  much  nearer  the  pole  than  the  place  occupied  by 
the  Sun,  and  this  makes  the  interval  between  the  setting  of  the 
Sun  and  the  setting  of  the  planet  much  greater  than  it  is 
usually  at  the  period  of  greatest  elongation.  During  the  two 
months'  period  the  planet  moves  about  57 °  eastward  and  20  ° 
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northward  from  Capricorn  through  Aquarius  and  Pisces  to  the 
extreme  eastern  part  of  the  latter  constellation.  On  the  morn- 
ing of  February  3d  it  is  very  near  the  vernal  equinox.  The 
actual  distance  of  the  planet  from  the  Earth  diminishes  quite 
rapidly,  and  there  is  consequently  a  marked  increase  in  bright- 
ness, but  the  planet  will  not  attain  its  maximum  brilliancy  until 
near  the  end  of  March. 

Mars  rises  at  1  115  a.  m.  on  January  1st  and  at  11  135  r.  m. 
on  February  28th.  It  moves  about  25°  eastward  and  8  south- 
ward from  a  point  in  Virgo  a  little  east  and  north  of  Spica, 
a  Virginis,  to  the  eastern  part  of  Libra,  and  at  the  close  of 
February  will  be  about  180  west  arid  north  of  Antarcs,  a  Scorpii. 
Its  actual  distance  from  the  Earth  diminishes  about  fifty-five 
millions  of  miles  between  January  1st  and  February  28th,  and 
at  the  latter  date  its  distance  from  us  is  about  the  same  as 
Earth's  mean  distance  from  the  Sun.  This  causes  the  planet  to 
increase  about  two  and  one  half  times  in  brightness  from  Janu- 
ary 1st  to  February  28th.  Mars  will  thus  be  quite  a  conspicu- 
ous object,  although  from  February  to  the  time  of  opposition 
in  May  the  gain  will  be  in  a  still  greater  ratio. 

Next  to  Venus,  Jupiter  is  the  brightest  object  in  the  evening 
sky.  It  sets  at  about  1  a.  m.  on  January  1st,  and  at  a  little  before 
10  i'.  m.  on  February  28th.  It  is  therefore  well  placed  in  the 
southwestern  skv  for  evening  observation.  It  moves  about  - 
eastward  and  3  northward  in  the  eastern  part  of  Pisces,  and 
at  the  end  of  February  it  is  onlv  about  5  east  and  south  <>f 
I'cnus.     The  two  planets  will  be  in  conjunction  carlv  in  March. 

.Wit mi!  will  also  be  an  evening  star  during  the  greater  par: 
of  the  period:  but  is  much  lower  down  and  apparently  near<  r 
the  Sun  than  J u filer  is.  It  mac.  however,  be  easih  <ceii  in  tin- 
evening  twilight  throughout  January.  It  s(.-ts  about  three  hours 
after  sunset  on  lanuarv  1st,  and  onlv  about  an  hour  after  on 
Februarx  1st.  It  comes  to  conjunction  with  the  Sun.  and 
changes  from  an  evening  to  a  morning  star,  on  February  iJth. 
but  does  not  reach  a  great  enough  distance  from  the  Sim  b\ 
the  kuA  of  the  month  to  he  seen  with  the  naked  eve. 

(ruiais  is  a  morning  star  very  close  to  the  Sun  on  Januar\ 
1st.  hut  gradually  increases  its  apparent  distance  from  that 
hodv.  so  that  bv  the  end  mi  February  it  rises  about  three  hour- 
befop-  sunrise.     It  moves  about   }     eastward  in  S\m  if  farms,  and. 
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is  a  short  distance  north  of  the  "milk-dipper"  group  in  that 
constellation. 

Xcptunc  passed  opposition  with  the  Sun  toward  the  end  of 
December,  and  is  therefore  above  the  horizon  during  most  of 
the  night.  It  is  in  the  western  part  of  Gemini,  and  moves  about 
1     westward  during  the  two  months. 


-A    PROPOSED    METHOD    FOR    THE    MEASURE- 
MENT AND  REDUCTION  OF  SPECTROGRAMS 
FOR  THE  DETERMINATION  OF  THE 
RADIAL  VELOCITIES  OF  CE- 
LESTIAL OBJECTS. 


H.— APPLICATION   TO  A   STUDY  OF  THE  VARI- 
ABLE   STAR    IVSAGITTARII* 


INTRODUCTION. 

Beginning  thirty-five  years  ago,  when  Huggins  and  Vogel 
first  made  application  of  Doppler's  principle  to  the  determina- 
tion of  radial  velocities  of  stars,  the  methods  employed  in  this 
work  have  been  developed  until  at  present  an  efficient  and  prac- 
tically uniform  system  has  been  adopted  in  the  various  astro- 
physical  observatories.  In  1888,  when  the  attempt  was  made 
at  Potsdam  to  record  photographically  the  displacement  of  lines 
in  the  stellar  spectra,  the  problem  was  placed  on  a  firm  basis. 
Subsequently,  through  improvement  in  the  construction  of  spec- 
trographs, a  more  accurate  knowledge  of  the  wave-lengths  of 
spectral  lines,  and  signal  advances  in  the  methods  of  measure- 
ment and  reduction  of  the  spectrograms,  the  results  have 
attained  their  present  degree  of  accuracy.  The  probable  error 
of  22km  per  second  for  an  average  case  of  velocity  determina- 
tion with  the  older  methods  has  been  reduced  to  a  few  tenths 
of  a  kilometer  at  the  present  time. 

Flexure  and  temperature  change  during  exposure  may  be 
said  to  play  no  part  in  the  performance  of  the  modern 
properly     equipped     spectrograph,     and     other     observational 

*  Dissertation  In  partial  fulfillment  of  the  requirements  for  the  degree  of  Doctor  of 
Philosophy  in  the  University  of  California.    (Abstract.   Complete  paper  published  as  L.  O. 

Bulletin,  Number  62.) 
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sources  of  error  are  well  under  control.  Undoubtedly,  the 
spectrograms  of  to-day  contain  information  regarding  the 
velocities  of  celestial  light-sources  more  precise  than  our  pres- 
ent methods  of  measurement  and  reduction  are  capable  of 
bringing  out.  In  these  methods  there  exist  certain  recognized 
sources  of  accidental  and  systematic  error  which  must  be 
eliminated  if  the  coveted  hundredth  of  a  kilometer  can  ever 
have  any  significance. 

Part  I. 

METHODS  OF  MEASUREMENT  AND  REDUCTION   OF  SPECTROGRAMS. 

The  plan  of  procedure  that  has  been  widely  adopted,  sub- 
ject to  slight  variation  in  the  case  of  different  observers,  may 
be  briefly  described.  The  spectrogram  is  measured  twice, 
direct  and  reversed,  on  an  engine  supplied  with  a  microscope 
of  adjustable  magnifying  power,  rigidly  mounted  over  a  plate- 
carriage  which  is  moved  by  delicate  screw  and  micrometer 
system  in  one  coordinate  only,  in  the  direction  of  extension  of 
the  spectrum.  A  set  of  measures  includes  the  list  of  microm- 
eter readings  which  correspond  to  the  positions  of  the  plate- 
carriage  when  the  various  spectral  lines,  both  bright  and  dark, 
occupy  in  turn  a  given  position  with  reference  to  some  fixed 
point  in  the  focal  plane  of  the  microscope.  These  readings. 
together  witli  the  laboratory  determinations  <»f  the  wa\<  -Vngtlw 
ol  the  spectral  lines  employed  for  the  measurement-,  i'  'Mimii 
the  data  necessarv  for  the  determination  ol  the  radial  \  elicit  \ 
of  the-  source  emitting  the  light,  in  terms  of  the  accepted 
standards  of  velocity.  Immiii  the  micrometer  reading  and 
wave  lengths  corresponding  to  not  less  than  three  known,  lines 
in  the  comparison  or  solar  spectrum,  the  constants  -  \  the 
I  lartmann-C«  >rnu  interpolation  formula  :'  are  easily  c<  >:i:pu;ed. 
I'>\  this  formula  micrometer  readings  are  readih  irau-t-.nned 
into  approximate  w  ave  lengths,  and  rwr  ;cisa.  It.  ii--w.  each 
plate  is  to  he  reduced  independently.  a>  at  Yerk<>  <  H>se;-\  a1  •  t\  .v 
the  constants  of  the  empirical  interpolation  curve  are  o  mputed 
as  above  from  three  or  more  comparison  lines.  I '<  .m  en.  .n- 
to  this  curve  are  determined  by  comparison  of  the  adopted 
and    interpolated    wave-lengths    ot    the    comparison    i;iv«.    and 

\\strof<hysn  al  finnal.  Vol.  VIII.  y.^v    MS.      A  ^ttmu-tui  schr  A  \ich>  n  >,!  ■•:    V      •- 
t  pHhhcatvms  of'thr  l'n ;:  ft  s:.'v  ofCh  tc<ixro.  \*i»l .  V  1  I  I  .  |.;ii^   iy.     A,->,>?hx    ;..:      ':>:,,. 
tnu.  \'nl.  XV.  N...  I. 
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are  plotted  as  functions  of  the  micrometer  readings  or  the 
A's  themselves.  It  then  remains  to  compute  by  means  of  this 
corrected  interpolation  formula  the  wave-lengths  correspond- 
ing to  the  micrometer  settings  on  the  lines  of  the  spectrum 
to  be  measured.  We  thus  obtain  the  actual  wave-lengths  of 
these  lines  as  affected  by  the  motion  of  their  source  relatively 
to  the  observer.  From  the  known  wave-lengths  of  these  lines, 
occurring  in  the  spectrum  of  a  light-source  at  rest  with 
reference  to  the  observer,  a  simple  application  of  Doppler's 
principle  will  yield  the  desired  radial  velocity  of  the  star. 
If.  on  the  other  hand,  the  dispersions  of  one  or  more  solar 
plates*  be  taken  as  standards,  by  measures  on  the  comparison 
lines  of  a  stellar  spectrogram,  the  micrometer  readings  on  the 
star  lines  themselves  are  reduced  to  the  selected  dispersion, 
and  may  be  compared  directly  with  the  computed  readings  of 
the  same  lines  in  the  fundamental  table.  In  point  of  accuracy, 
there  seems  to  be  no  choice  between  these  two  methods,  but 
the  latter  one  is  undoubtedly  shorter.  The  sources  of  error 
which  are  shared  by  both,  I  shall  briefly  review. 

( a  )  Change  in  film. — The  actual  shape  of  the  photographic 
film  while  the  plate  is  being  exposed  is  never  reproduced, 
owing  to  distortions  ascribable  to  temperature  change  and  the 
processes  of  development  and  drying,  but  the  effect  of  these 
distortions  on  velocity  determinations  is  minute  and  intangible, 
especially  when  many  well-distributed  comparison  lines  are 
employed. 

(b)  The  measuring-engine. — (1)  Errors  in  screw. — Errors 
due  to  inequalities  in  the  pitch  of  the  micrometer  screw,  whether 
periodic  or  otherwise,  are  usually  negligible  in  modern  engines. 
They  may,  of  course,  be  eliminated  by  application  of  small 
corrections  to  the  measures,  but  are  essentially  inoperative  in 
most  velocity  work. 

(2)  Temperature  change  during  measures. — The  effect  of 
temperature  change  on  the  measuring-engine  during  measure- 
ments may  play  an  important  part  unless  considerable  care  is 
exercised.  Measures  should  not  be  begun  until  the  micrometer- 
head  has  been  in  contact  with  the  hand  for  a  short  time,  and 
(hiring  the  measures  the  room  temperature  should  be  kept 
nearly  constant.     In  my  own  work,  after  completing  a  plate, 


* Astronomische  Nachrichten*  Nr.  3702.     Astrophysical  Journal,  Vol.  VIII,  page  124. 
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I  have  tested  the  temperature  shift  by  setting  back  on  the 
lines  first  measured,  and  have  invariably  found  some  discrep- 
ancy. In  one  solar  plate  in  particular,  which  had  required 
considerable  time  for  measurement,  this  shift  amounted  to 
about  .oo3mm,  or  the  equivalent  of  seven  kilometers'  velocity. 
This  led  me  to  test  the  character  of  the  shift  by  remeasurement 
of  some  of  the  remaining  comparison  lines  on  the  plate.  The 
plot  of  differences  thus  obtained  approximated  a  straight  line 
which  gradually  approached  the  original  curve.  Evidently 
the  temperature  change  was  progressive,  and  was  entirely 
taken  up  in  the  first  curve.  Here,  again,  the  advantage  of  an 
even  distribution  of  star  and  comparison  lines  is  apparent. 
Evidently,  also,  the  "  smoothing  out  "  of  curves  of  residuals 
from  interpolation  formulae  should  not  be  practiced  without 
due  caution,  for  temperature  change  during  the  measures  may 
produce  very  appreciable  distortions  in  such  a  plot. 

(c)  Subjective  errors. — Discrepancies  arising  from  acci- 
dental errors  of  setting  and  from  personal  equation  are  among 
the  most  important  to  be  considered.  The  former  can  be 
reduced  only  by  long  practice  and  the  employment  of  a 
greater  number  of  lines ;  the  latter  have  been  largely  eliminated 
by  the  reversal  of  the  spectrogram  on  the  engine,*  but  it 
should  he  noted  that  in  the  reversal  of  a  plate  the  spectrum  i- 
simultaneouslv  inverted.  Thus,  in  general,  it  would  hanllv  be 
said  that  the  effect  of  personal  equation  is  entirelv  compen- 
sating in  the  two  measures,  for  the  appearance  ^\  a  line  after 
inversion  might  he  so  changed  as  >eriouslv  to  interfere  with 
the  duplication  of  the  conditions  which  existed  before  reversal, 
hurtlier.  in  ca^e  of  a  straight-slit  spectrograph  the  curvaturev 
of  the  spectral  lines  would  seriouvh  interfere  with  the  elimina- 
tion of  personal  equation  in  this  wax. 

(  d  1  l:.rr<>rs  <///.-  h>  the  iissmn ptit'i:  e/  ;eti~ee-!e!!^ths.--i  1  ■ 
An  instrumental  defect.—  A  source  of  ern«r  by  no  means  inap- 
preciable is  found  in  the  relative  displacement  of  comparison 
and  absorption  lines  due  to  imperfect  focal  conditions  which 
obtain  outside  of  given  narrow  regions  of  the  spectrum,  corre- 
sponding  to   the   ra\  s    which    pa><   through    the   prhm   train    a; 

•/..   <>.  Kul:ftiti.  N..    15,  .ui.l  Att>nf>hys!<-it,'  /.;//>■>/,.•/,  \'..l.  XV.  ]mk<     -.,«;. 
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minimum  deviation,  or  corresponding  to  the  intersections  of 
the  focal  curve  with  the  plane  surface  of  the  photographic 
plate.  The  so-called  wings,  which  seriously  impair  the  defini- 
tion of  the  outlying  lines  of  the  comparison  spectrum,  undoubt- 
edly persist  far  into  the  region  of  apparently  sharp  focus, 
giving  rise  to  errors  in  the  measured  positions  of  the  bright 
lines.  The  corresponding  displacements  of  the  absorption 
lines  of  the  stellar  spectra,  due  to  the  same  cause,  are  certainly 
much  smaller,  if  at  all  appreciable.  This  difference  is  due 
to  the  fact  that  much  light  is  concentrated  in  the  bright  lines, 
many  of  which  are  strongly  exposed  in  order  to  bring  out  the 
fainter  features  of  the  comparison.  Thus  the  wings,  though 
they  share  a  relatively  small  part  of  the  light,  may  become 
quite  as  dense  as  the  sharp  part  of  the  lines,  for  the  density 
of  the  sharp  part  of  the  lines  is  but  slightly  affected  by  light 
after  a  certain  time,  while  the  wings  continue  to  spread. 

(2)  Physical  differences. — Aside  from  subjective  errors 
of  measurement,  there  is  no  greater  source  of  uncertainty  in 
the  reduction  of  spectrograms  than  that  which  arises  from 
the  assumption  of  wave-lengths  for  the  star  and  comparison 
lines  from  Rowland's  solar  tables.  It  is  doubtful  if  the 
conditions  of  density  and  internal  motion  in  the  Sun  and  spark 
are  sufficiently  alike  to  warrant  this  procedure.  But  until  bet- 
ter determinations  of  spark  wave-lengths  are  available,  there 
seems  to  be  no  alternative.  A  careful  discussion  of  the  matter 
by  Frost  and  Adams*  has  led  to  the  conclusion  that  "  In  the 
present  state  of  our  knowledge  we  .  .  .  cannot  say  with  any 
certainty  how  much  our  results  are  affected  by  the  use  Of 
solar  wave-lengths  for  our  Ti  lines ;  but  presumably  by  an 
amount  corresponding  to  less  than  0.02  tenth-meters,  or  about 
1.4  kilometers,  and  perhaps  very  much  less."  Wave-lengths 
in  star  and  Sun  may  differ  by  small  amounts,  due  to  pressure, 
etc.,  but  it  seems  practicable  to  assume  agreement  in  the  case 
of  solar-type  stars.     In  other  cases  the  chances  seem  favorable. 

(3)  Errors  in  Rowland's  table. — Rowland's  determina- 
tions of  solar  wave-lengths  are  probably  relatively  accurate 
to  the  nearest  hundredth  of  an  Angstrom  Unit.  Their  absolute 
value  need  be  known  only  approximately  for  velocity  work. 

( 4 )  Errors  in  practice. — In  actual  performance  some  ap- 

•  Publications  of  tht  Unwet  sity  of  Chicago,  Vol.  VIII,  page  155. 
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parently  good  lines  are  found  to  yield  consistently  poor  results, 
which  usually  lead  to  their  final  rejection.  Errors  in  wave- 
lengths or  intensities  in  Rowland's  table,  or  close  lines  in  the 
star,  may  be  responsible  for  the  trouble.  However  that  may 
be,  there  are  undoubtedly  among  the  lines  retained  many  which 
are  similarly  in  error,  but  in  a  smaller  degree.  It  simply 
remains  to  eliminate  such  lines  as  soon  as  they  can  be  detected, 
though  the  uncertainty  of  proceeding  in  the  dark  in  this  regard 
is  far  from  satisfactory. 

(e)  Elimination  of  these  errors. — For  errors  due  to  change 
of  film  and*  inaccuracies  in  the  measuring-engine,  including 
temperature  change  during  measures,  adequate  remedy  has 
been  proposed,  but  no  elimination  of  the  remaining  uncertain- 
ties incident  to  present  methods  seems  possible  without  a 
radical  change  in  the  system  employed.  As  long  as  the  wave- 
lengths determined  from  measures  with  the  grating  or  inter- 
ferometer by  an  observer  of  one  personal  equation  are 
employed  by  another  observer  of  a  different  personal  equation 
to  represent  his  measures  of  corresponding  lines  as  produced 
by  a  different  spectroscope,  it  can  hardly  be  expected  that 
the  results  of  various  observers  will  be  entirely  consistent. 
The  problem  demands  that  the  conditions  which  obtain  in  the 
production,  measurement,  and  reduction  of  a  spectrograph  ic 
plate  <>f  a  star  should  Ik-  exactly  duplicated  in  the  production, 
measurement,  and  in  general  the  reduction,  of  the  plate  \v<>n\ 
which  the  fundamental  data  for  vcloeitv  determinations  are 
secured.  The  same  spectrograph  should  produce  both  plates. 
They  should  he  measured  by  the  saute  observer  with  the  same 
measuring-engine.  And.  finally,  they  -hould  be  reduced  in 
parallel.  These  requirements  are  clearly  nio>t  exacting,  but 
as  a  suggestion  of  a  means  toward  this  end.  1  propose  the 
following  method,  which,  as  far  as  I  know,  has  never  been 
applied   in  this  wav. 

-\    I'lv'oi'osi  i»    mi  riion   1  ok   tin-:    miam  ki:\ii:\i    .\xi>   ur.nt  <  i  io\ 

OF    SIM. (I  1«  xiKA.MS. 

Proceeding  as  in  case  of  a  stellar  exposure  with  the  spec- 
trograph in  final  adjustment,  from  which  it  must  not  be 
disturbed,  a  source  of  accurately  known  velocity,  such  as  the 
skv  or  Sun.  is  photographed  with  the  comparison  in  the  UMial 
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manner.  Then  the  measures  upon  the  comparison  and  con- 
tinuous spectra  of  this  plate  with  some  engine  by  any  observer 
will  constitute  his  fundamental  standard  table  for  the  engine 
and  spectrograph  used.  These  measures  of  the  bright  and  dark 
lines  of  a  plate  of  the  sky  or  Sun  and  spark  will  fix  the  relative 
positions  of  the  Fraunhofer  and  comparison  lines  for  a  known 
velocity,  and  will  constitute  a  velocity-standard  table.  For 
the  determination  of  the  velocity  of  any  celestial  object  of 
the  same  characteristics  as  the  standard  source,  it  is  only 
necessary  to  duplicate  the  exposure  and  measures  of  the 
standard  plate  and  compare  directly  the  relative  positions  of 
corresponding  lines  of  the  two  sources  referred  to  the  com- 
parison spectrum  of  their  respective  plates.  In  the  reduction 
of  a  stellar  plate  for  velocity  determination,  we  first  reduce 
the  star  measures  to  the  dispersion  of  the  standard  plate  by 
forming  a  simple  plot  with  micrometer  readings  as  abscissae 
and  differences  in  settings  on  comparison  lines  as  ordinates. 
For  the  star  lines  the  reductions  to  fundamental  dispersion 
are  read  directly  from  this  plot.  If  these  reductions  are  applied 
to  the  readings  on  the  stellar  spectrum,  the  measured  positions 
of  any  dark  line  on  the  Sun  and  star  plates  will  differ  by  an 
amount  proportional  to  the  relative  velocity  toward  the  Earth 
of  the  star  and  Sun. 

The  assumptions  in  this  method  are  fundamental  in  even- 
case  of  velocity  determination.  Further  assumptions  treated 
above  as  incident  to  other  methods  are  here  eliminated  by  the 
comparison  of  artificial  lines  with  artificial  lines  and  dark  lines 
with  dark  lines.  The  advantages  of  this  simple  system  need 
only  be  mentioned.  Errors  in  the  screw  of  the  measuring- 
engine  are  eliminated  for  small  displacements,  such  as  are 
found  in  stellar  spectra,  if  the  standard  and  star  plates  occupy 
identical  positions  on  the  plate-carriage  during  measures. 
Personal  equation  is  well  controlled  without  the  reversal  of 
the  spectrogram,  and  may  be  closely  followed  by  frequent 
measures  of  standard  plates.  It  may  even  seem  preferable 
not  to  reverse  the  plate,  for,  as  I  have  suggested,  the  curvature 
of  lines  may  introduce  a  variation  of  this  unaccountable  source 
of  error.  The  magnitude  of  accidental  errors  of  setting  is  not 
affected  by  the  use  of  this  method,  but  with  the  greater  number 
of  lines  available  in  solar-type  stars  particularly,  the  reliability 
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of  the  means  from  any  plate  is  clearly  increased.  Uncertainties 
due  to  imperfect  focal  conditions  are  not  only  largely  eliminated 
if  the  exposures  on  comparison  and  star  are  consistent  in  star 
and  standard  plates,  but  the  region  of  spectrum  available  for 
measurement  can  be  extended  without  fear  of  encountering 
difficulty.  The  number  of  lines  available  is  further  augmented 
for  solar-type  stars  by  the  possibility  of  including  blends,  which 
are  clearly  reliable  under  this  method.  Until  tests  are  made 
with  high-dispersion  instruments,  it  is  difficult  to  predict  the 
extent  of  the  advantage  of  this  increase  of  the  measurable 
lines  for  this  case;  but  for  low-dispersion  instruments  in  my 
own  experience  with  a  magnifying  power  of  twenty-five,  the 
number  of  available  lines  increased  from  twenty  to  one  hun- 
dred and  seventy;  and  with  a  power  of  ten,  though  practically 
no  lines  could  be  used  with  methods  depending  on  wave- 
lengths, sixty-five  lines  gave  good  results  for  velocity  deter- 
minations. But  for  the  present  the  chief  advantage  of  the 
method  lies  in  its  independence  of  accurate  relative  or  absolute 
values  of  the  wave-lengths  or  intensities  of  the  spectral  lines 
of  the  spark  or  continuous  spectrum.  For  the  determination 
of  the  factors  necessary  to  convert  micrometer  displacements 
into  kilometers,  rough  relative  values  of  the  wave-lengths  of 
three  favorable  spark  lines  are  needed,  but,  aside  from  this, 
there  is  n<»  necessity  for  data  <>f  this  kind.  It  is  possible  to 
make  final  definitive  measures  at   once. 

In  the  application  <>f  this  method  any  decree  <>!  refinement 
can  he  introduced  at  the  will  ^\  the  observer.  Tin-  number  of 
plates  employed  to  form  a  standard  table  can  he  increased 
until  the  full  possibilities  of  the  spectrograph  and  mea-mm- 
engine  are  realized.  \\\  comparison  ot  standard  platen  anv 
errors  due  to  temperature  change  in  the  instrument  can  be 
delected,  and  tables  can  be  prepared  for  different  temperature, 
if  desired.  Standard  plates  can  be  prepared  occasional!',  and 
measured,  alon^  with  the  regular  observing  list,  as  check-* 
on  the  constancy  oi  the  results.  For  ahs.ihite  checks  ,  1"  the 
performance  of  die  method  lunar  and  planetary  spavin  grains 
are  of  course  available,  but  the  determination  of  the  -kv  or 
solar  velocities  furnish  e<|iiall\  reliable  checks,  and  a*  the 
same  time  afford  data  for  strengthening  the  original  standard 
taldes.       In    general,    three    skv    or    Sun    plates    should    furnish 
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sufficient  data  for  a  fundamental  table,  though  the  conditions 
obtaining  in  any  particular  case  might  call  for  a  greater  or 
smaller  number. 

This  velocity-standard  method  is  best  applicable  to  solar- 
type  stars,  but  it  may,  if  desired,  be  modified  to  suit  the  require- 
ments of  hydrogen  or  other  stars  without  the  introduction 
of  errors  greater  than  those  incident  to  present  methods.  Thus 
a  standard  table  for  any  class  of  stars  may  be  prepared  by 
introducing  in  the  spark,  in  addition  to  the  regular  comparison, 
those  elements  which  produce  good  lines  in  the  stellar  spectra. 
The  assumption  is  made  that  the  relative  positions  of  the  spark 
and  dark  lines  of  the  elements  used  are  not  affected  differently 
either  by  the  dissimilar  physical  conditions  in  the  spark  and 
star  or  by  the  peculiarities  of  the  spectrograph ;  but  this  is  an 
assumption  commonly  made  in  all  spectrograph^  work. 

Part  II. 

AN    APPLICATION    OF    THE    VELOCITY-STANDARD    METHOD. 

(t7)  Apparatus  employed. — Necessity  for  some  departure 
from  the  present  methods  of  measurement  and  reduction  of 
spectrograms  first  arose  in  the  attempt  to  improve  the  accuracy 
of  relative  velocity  determinations  from  spectrum  plates  made 
with  Spectrograph  I  of  the  Lick  Observatory.  The  perform- 
ance of  this  spectrograph  is  exceptionally  good.  The  limit 
of  resolving  power  with  lantern-slide  plates  is  about  0.50  A.U. 
at  My,  which  is  all  that  could  be  expected  of  an  instrument 
of  one  fifth  the  dispersion  of  the  Mills.  However,  with  rapid 
emulsions,  the  increased  size  of  silver  grains  interferes  seriously 
with  the  definition.  Careful  tests  by  Dr.  J.  Stebbins  and  Dr. 
J.  II.  Moore  have  shown  that  all  effects  of  flexure  have  been 
successfully  eliminated  in  the  construction  of  this  instrument. 
P. tit  the  effect  of  temperature  change  on  the  positions  of  lines 
is  very  marked.  This  is  largely  due  to  the  unequal  expansion 
in  the  triangle  formed  by  the  steel  collimator  tube,  the  brass 
camera  tube,  and  the  brass  tie-rods  which  extend  from  the 
collimator  tube  nearly  to  the  plate-holder.  The  extent  of  this 
shift  has  been  determined  by  Dr.  Moore.  It  is  equivalent  to 
approximately  36  kilometers  in  velocity  per  degree  Centigrade 
change  in  temperature.  The  limitations  of  the  instrument  are 
thus  readily  appreciated.     In  my  own  work,  in  the  absence  of 
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a  temperature  case,  the  spectrograph  has  been  wrapped  in 
several  thicknesses  of  woolen  blanket  just  before  the  exposure 
began.  At  the  same  time  all  the  windows  in  the  dome  were 
closed.  These  precautions,  together  writh  the  frequent  intro- 
duction of  the  comparison,  have  made  good'  results  possible, 
but  it  has  been  almost  invariably  the  case  that  the  best  velocity- 
determinations  have  been  made  from  plates  for  which  the 
temperature  range  was  a  minimum.  Recently  a  temperature 
case  and  automatic  thermostat  have  been  constructed  for  this 
instrument.  These  may  be  expected  to  result  in  very  material 
improvement  in  its  performance. 

Further  disadvantages  are  inherent  in  an  instrument  of 
low  dispersion  and  resolving  power.  Linear  defects  in  lines 
produce  five  times  the  error  that  they  would  occasion  with  the 
Mills  spectrograph.  Probably  no  more  than  fifteen  or  twenty 
single  lines  could  be  measured  with  any  power  on  any  one 
plate  of  a  solar-type  star.  Stebbins  found  only  six  coincidences 
of  solar  and  stellar  lines  for  o  Ceti  in  a  region  of  340  A. IT., 
while  in  a  region  covering  120  A.U.  he  found  twenty  such 
lines  on  Mills  plates.  With  a  power  of  ten,  absolutely  no 
single  lines  would  be  available  for  velocity  determinations.  Jn 
view  of  these  facts,  it  would  seem  that  few  tests  could  be  more 
exacting  than  the  application  of  the  velocity-standard  method 
t<»  this  case.  Spectrograms  made  with  an  instrument  of  this 
kind,  with  no  greater  protection  against  temperature  change. 
are  affected  by  error-  which  accurate  measurements  serve  to 
bring  out;  but  it  was  one  aim  of  the  anther  t»  >  determine  the 
decree  of  accuracy  to  be  expected  from  an  instrument  of  h w 
dispersion,  for  its  field  of  usefulness  is  practically  incxliausohle. 
as  it  reduces  the  exposure  time  required  with  the  Mills  spectre- 
graph  l)v  ninety  per  cent. 

(  b)  Application  to  the  study  of  the  -variable  star,  IT  Sa^;t- 
tarn.—  Fxhaustive  studies  of  the  light  curve  of  IT  Sa^it'tiri: 
were  made  by  Herr  J.  II.  F.  Son  m  iot,  who  discovered  the 
variability  ni  this  star,  then  known  as  7'  Sa^iftiirii,  at  Athens 
in  i8(V').*  From  a  series  of  eight  hundred  and  ninety  observa- 
tions, covering  ten  years  and  extending  over  one  hundred  and 
ninety-five  maxima  and  one  hundred  and  ninety-three  minima. 
he  constructed  a  light  curve,  which  is  drawn  in  detail  in  Plate 

*  Astt  ottomische  \ach*  ichirn .  Nr.  ?o~\,  p.'iRe  k;. 
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8*  of  this  paper.  In  addition  to  the  strong  irregularities  in  the 
curve,  he  suspected  a  perturbation  in  the  light  period  running 
through  a  cycle  of  eight  years,  affecting  the  time  of  maximum 
and  minimum  several  tenths  of  a  day.  But  his  observations 
were  hardly  extensive  enough  to  warrant  this  last  conclusion. 
The  spectrographic  observations  at  present  available  do  not 
cover  a  period  long  enough  to  confirm  or  to  disprove  this#result. 
As  presented  in  the  Chandler  and  Harvard  catalogues,  the 
important  data  regarding  this  star,  with  some  additions,  are 
as  follows : — 

Chandler's  Third  Catalogue. 

Max.,  4m.8;  Min.,  5m.8;  M-m,  3d.oo;  Period,  7d.5946o£. 

Epoch  of  Max.,  1866,  Sept.  4;  Julian,  2,402.849d45. 

Harvard  Catalogues. 

Max.,  4m.3;  Min.,  5m.i ;  Class  IV;  Sp.,  G5K. 

a  1900.0,  1711  58m.6;  8  1900.0,  — 290  35'. 

Additional  Data. 
A  1902.0,  2690  44';  p  1902.0,  — 6°  08'. 
Photo.  Max.,  5m.5 ;  Photo.  Min.,  6m-5. 

The  spectrum  of  W  Sagittarii  approximates  very  closely 
to  the  solar  type.  The  fact  that  sixty-five  blends  ranging  in 
intensity  from  twelve  to  forty  gave  good  results,  as  exhibited 
in  the  last  column  of  Table  III,f  establishes  the  close  resem- 
blance of  this  star  to  our  own  central  body.  The  seventeen 
lines  in  Table  IVf  suggest  some  differences,  the  most  striking 
of  which  is  the  strong  line  at  A  4335.7,  which  is  not  found  in 
the  Sun,  but  rises  to  an  intensity  of  12  in  the  star.  But,  on 
the  whole,  the  identities  are  far-reaching  enough  to  warrant 
an  extensive  system  of  blending. 

This  fact  justified  the  use  of  a  power  of  ten  in  the  measures 
of  the  plates  of  W  Sagittarii.  But  the  selection  of  such  a  low 
power  was  not  decided  upon  without  considerable  experiment 
with  a  higher  one.  With  a  power  of  ten,  the  width  of  the 
micrometer  thread  (about  0.50  A.U.)  interfered  with  settings 
on  lines  of  intensity  12  to  15,  while  the  density  of  the  com- 
parison lines  was  so  great  that  it  became  difficult  at  times  to 


*  Omitted  in  this  abstract. 

t  Tables  and  details  of  reduction  are  omitted  in  this  abstract. 
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distinguish  the  black  vertical  wire  when  set  on  them.  After 
experimenting  with  powers  of  ten,  twelve,  fifteen,  and  twenty- 
five,  I  am  inclined  to  think  that  a  power  in  the  neighborhood 
of  fifteen  would  perform  most  satisfactorily  in  the  case  of 
solar-type  stars. 

From  preliminary  measures  in  August.  1903,  of  three  spec- 
trograms of  IV  Sagittarii,  a  very  considerable  variation  in  the 
radial  velocity  of  this  star  was  brought  to  light.  Subsequently 
a  series  of  thirty-three  spectrograms,  distributed  uniformly  in 
the  light  period,  was  completed  with  Spectrograph  I.  These 
have  been  measured  and  reduced  for  the  purpose  of  determin- 
ing the  character  of  the  orbit  of  this  interesting  variable.  I 
have  not  been  able  to  recognize  upon  these  plates  any  effect 
attributable  to  the  light  of  the  fainter  companion  now  known 
to  exist,  but  it  should  be  remembered  that  a  difference  of  one 
magnitude  is  nearly  sufficient  to  obliterate  the  effect  of  the 
darker  star. 

Assuming  the  identity  of  the  light  and  velocity  periods  for 
this  star,  we  may  lay  down  the  plot  of  the  velocity  determina- 
tions by  employing  the  intervals  after  maximum  as  abscissa* 
and  the  corresponding  radial  velocities  of  the  star  with  respect 
to  the  Sun  as  ordinates.  Ample  verification  of  the  adopted 
value  for  the  period  was  found  in  the  close  agreement  between 
results  obtained  in -in  plates  cowrine;  men-  than  mrm  maxima 
of  tiie  curve,  or  an  interval  m  %V  '  >  da\>.  SUM  when  the  atn  mm 
was  made  to  pas>  an  elliptic  velocit\  curve  tl,n>imh  the-c  ■  loer 
vatmim.  it  \va>  f<  »im*  1  that  the  plotted  pmm>  omillamd  abo\  , 
and  below  thi-  curve  with  a  period  of  ^.S  davs,  'T  '  'Me  ha1;' 
that  «d"  tlie  h-ht  variai  :•  >m  After  repealed  trial-  m  \arrm~ 
ellipses  with  dittcivm  value-  <»i  peria-irmi  time.  lou^uud-, 
ot  periastn'M,  eccenlricit\.  inaviniuiii  positive  and  nmai:\> 
velocitv.  and  the  vrl.,cit\  of  the  -\  -telll.  1  Selected  tile  m  h  mm 
ctirm  which  m  drawn  on  Plate  S'  with  the  narrower  lim  . 
In  selectiiiL;'  tin-  c<<\]\k.°  it  wa-  ii^iinnd  that  the  actual  < 'h-erwd 
velocities  MiHiiwrdt  a  mpm"im]  »•  ---e<  1  curve  with  a  period  i.f  ^> 
da\  s  ami  with  imarlv  eipxal  amplitude-  f.  »i"  crest-  and  tn-ULrh- 
I'-t  the  belter  determination  of  the  sec  ndarv  curve  the  iv-m- 
Hal-  <.f  all  plate-  from  the  ellipse  wuv  plotted  after  brim1 
reduced  t«  >  one  complete  j'eriod  of  ^.S  da\  m  i-mpl>  »\  ine;  tin    we":7- 
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established  nodal  point  at  1.7  days  after  the  light  maximum. 
A  sine  curve  was  then  passed  through  these  points  with  an 
amplitude  of  4.2km  at  the  crest  and  5.5km  at  the  trough.  This 
final  curve  was  superimposed  on  the  velocity  curve  and  is 
represented  by  the  heavy  line  of  the  upper  curve  of  Plate  8.* 
The  residuals  from  this  curve  for  all  the  plates  appear  in  Table 
VII*  under  the  heading  r.  Including  all  these  residuals,  and 
assigning  equal  weights  to  each,  the  resulting  probable  error 
of  a  single  plate  is  ±.  o.90km.  Excluding  five  inferior  plates 
whose  velocities  could  be  given  very  small  weight  in  the  con- 
struction of  the  curve,  the  probable  error  of  any  one  of  the 
remaining  twenty-eight  plates  is  it  o.55km.  The  occurrence 
of  relatively  larger  residuals  along  the  crest  of  the  secondary 
curve  finds  ready  explanation  when  it  is  noticed  that,  of  the 
two  crests  which  obtain  in  one  complete  revolution  of  the  sys- 
tem, the  one  occurs  at  the  light  maximum  where  the  greater 
activity  of  the  star  could  lead  to  wide  ranges  in  velocity,  while 
the  other  occurs  at  light  minimum  where,  with  increased 
exposure  time,  the  effect  of  temperature  change  in  the  instru- 
ment becomes  a  maximum. 

The  elements  of  the  orbital  or  primary  curve  of  the  brighter 
component  of  W  Sagittarii,  together  with  those  of  the  super- 
imposed secondary  curve,  as  are  follows : — 


Apparent  period, 

Longitude  of  periastron, 

Eccentricity, 

lime  of  periastron  after 
light    maximum, 

Projection  of  semi  -  major 
axis  on  plane  of  sight, 

Projection  of  periastron  dis- 
tance on  plane  of  sight, 

Projection  of  apastron  dis- 
tance on  plane  of  sight, 

Ratio  of  masses, 

Amplitude  of  velocity  curve 

at  crest, 
Amplitude  of  velocity  curve 

at   trough, 
Velocity  of  center  of  mass 

of  the  system. 


Elements 

Primary 
Curve. 

Secondary 
Curve. 

P' 

7.59460  days 

3.80  days 

0) 

700. 0 

e 

0.320 

0.0 

T 

6.20  days 

a  sin  i 

i,930,oookm 

q  sin  i 

i.3ic,oookm 

q  sin  1 

2,550,oookm 

ma  sin3  i 

c.00409© 

(iH+m,)3 

A 

+  2I.6kn* 

+  4.2km 

B 

—  17.4km 

-  55km 

V 

—  28.6^ 

"  Omitted  in  this  abstract. 
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Our  present  knowledge  of  the  elements  of  IV  Sagittarii 
makes  possible  the  introduction  of  two  small  corrections  to 
the  period  of  this  star  depending  upon  the  velocity  of  light. 
The  first  is  due  to  the  change  in  the  distance  between  the  Earth 
and  the  bright  component  of  the  binary  system  occasioned  by 
their  orbital  motions,  and  may  be  regarded  as  the  combined 
effect  of  the  equations  of  light  of  the  two  bodies.  Its  operation 
is  not  systematic,  but  may  be  taken  into  account  in  the  com- 
puted times  for  maxima  used  in  plotting  the  velocity  observa- 
tions by  changes  never  exceeding  0.0 1  days.  The  maximum 
variation  from  the  mean  in  the  present  problem  is  about  0.002 
days,  which  is  equivalent  to  a  displacement  of  o.oo7cm  in  the 
abscissae  of  my  original  velocity  diagram.  It  is  therefore 
evident  that  this  correction  is  negligible.  The  second  correc- 
tion to  the  period  of  this  variable  is  based  upon  the  continued 
approach  of  the  system  toward  the  Sun  at  the  rate  of  28.6km 
per  second.  As  this  correction  is  constant,  the  use  of  the 
apparent  period  for  the  velocity  diagram  does  not  affect  the 
determination  of  the  elements  which  characterize  the  form 
and  position  of  the  orbit.  But  the  epochs  of  the  curve,  referred 
to  the  time  of  maximum,  and  all  dimensions  of  the  orbit 
are  direct  functions  of  the  true  period.  The  correction  to  the 
apparent  period  amounts  to  r  f>j  seconds,  *"»r  —  o.ooo-j  <lav>. 
Accordingly,   tlu*   true   value  of  the   hydit    and   velocity   periods 

ot    II '  \(/-  i! din;  i  — 

l'  —  7 . 5 < ; 5 3 _'  <la\  s. 

As  the  remaining  elements  of  the  velocity  curve  are  published 
to  three  places  onlv.  this  change  in  the  fifth  significant  figure 
of   P  dors  uot    appreciably    affect    their   values. 

The  an^le  /.  which  measures  the  inclination  of  the  orbital 
plane  to  a  plane  tangent  to  th<-  celestial  sphere  at  the  center  of 
ma-s  ,.f  the  <Wcm.  cannot  he  determine' 1  without  inicronvt- 
rical  measures  of  the  two  components.  The  absolute  >cale  m 
the  ellipse  is  therefore  indeterminate. 

for  purpoM'-  of  comparison  anions  spectroscopic  studied 
of  (  V/V/r/W  variable-,  there  exist  in  addition  fo  the  piv-em 
in\  estimation  the  excellent  results  of  Wkioiir  and  Id  lmI'oi.sky 
in  connection  with  their  researches  reeardin^  the  orbit-  of 
£  (  c/Vax     and  of  ,j  .  hjari!  .t    \  strong  resemblance  between  dr. 

*  A->!f>;>h\  ^:.  .<■'  /■■;>>?,•:.  \'..l.  I.  J..I.V   : 
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elements  of  these  stars  is  at  once  evident.  All  show  a  pro- 
nounced eccentricity.  Also,  the  time  of  closest  approach  of 
the  bodies  of  the  system  occurs  about  a  day  before  maximum 
brightness.  The  most  marked  analogies  exist  between 
Wright's  elements  of  77  AquiUv  and  those  of  W  Sagittarii; 
indeed,  with  the  exception  of  a  small  difference  in  eccentricity, 
the  uncertainty  of  inclination,  and  a  difference  of  0.5  days  in 
the  period,  the  two  orbits  are  essentially  identical  even  in 
regard  to  the  positions  of  principal  maximum  and  minimum. 
It  is  interesting  to  notice  that  Mr.  Wright  has  obtained  no 
evidence  of  a  secondary  curve  for  rj  Aquilce,  but  such  a  curve 
would  not  have  been  recognized  if  its  amplitude  did  not  exceed 
2km,  an'd  in  some  positions  no  great  distortion  of  the  ellipse 
would  occur  with  an  amplitude  of  five  kilometers  for  the 
superimposed  curve.  Referring  to  Mr.  Wright's  article,  it 
should  be  noticed  that  the  velocity  curve  reproduced  there  is 
the  empirical  curve  which  was  drawn  for  the  purpose  of 
determining  the  elements.  His  actual  ellipse  passes  sightly 
below  observation  11,  not  above  it.  It  will  also  be  noticed 
that  his  observations  tend  above  the  published  curve  from 
i  day  to  2.8  days  after  maximum  and  fall  below  from  2.8 
to  4.5  days.  It  therefore  seems  probable  that  some  curve 
oscillating  about  an  ellipse  would  represent  the  observations 
better. 

Mr.  Wright's  observations  extend  over  four  months,  and 
my  own  over  a  period  of  less  than  a  year.  It  is  therefore 
probable  that  any  influence  connected  with  the  long-period 
irregularities  in  the  light  recurrence  of  these  stars  would  escape 
detection.  Further  study  of  these  stars  should  reveal  such 
phenomena. 

The  observed  uniform  correspondence  between  the  light 
variations  and  the  orbital  conditions  of  these  three  stars  sug- 
gests the  mutual  dependence  of  the  two  phenomena.  Whatever 
may  be  the  cause  or  causes  of  variation  in  the  Gcminids,  they 
may  not  operate  in  the  same  manner  in  the  Cepheids.  It  there- 
fore seems  advisable  to  treat  each  group  separately  in  any 
attempt  to  construct  a  theory  for  the  explanation  of  their  light 
changes.  I  shall  therefore  advance  some  data  regarding  the 
most  probable  conditions  that  obtain  in  the  system  of 
H '  Sagittarii. 
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Darwin's  expression  for  tidal  potential  is — 
V-=lr3P2(cos*z—  1/3), 

where  r  is  the  distance  between  the  masses,  p  is  the  radius 
of  the  disturbed  body.,  and  z  the  angle  between  r  and  p ;  m  is 
the  mass  of  the  disturbing  body.  Confining  our  attention  to 
the  line  joining  the  two  bodies,  we  place  z  =  o°  and  differ- 
entiate with  reference  to  the  direction  of  displacement  and 
arrive  at  the  expression,  F  =  2mp/r\  where  F  is  the  tidal 
force.  As  the  ratio  of  apastron  to  periastron  distance  in  this 
system  is  2  to  1,  it  is  evident  that  the  tidal  force  varies  in  the 
ratio  of  1  to  8  for  these  two  positions.  Using  the  rough  con- 
clusions as  to  the  most  probable  data  for  the  system  arrived 
at  above,  we  find  that  the  intensity  of  the  tidal  force  acting 
on  the  brighter  body  is,  roughly,  50.000  times  that  of  the  Moon 
acting  on  the  Earth.  Further,  by  the  introduction  of  another 
term  usually  negligible  in  tidal  computations,  we  find  the 
ratio  of  the  intensities  of  the  tidal  forces  on  the  side  toward 
the  disturbing  body  to  the  corresponding  forces  on  the  oppo- 
site side  of  the  brighter  star  is  15  to  10  at  periastron  and  13 
to  10  at  apastron. 

While  the  increase  of  light  may  be  due  to  enormous  tidal 
disruptions  in  tin-  molten  niatUT  <>f  the  star's  surface,  accom- 
panied perhaps  with  a  liberation  <>(  heat  from  below,  it  slmuld 
be  tinted  that  the  displacements  ^i  the  absorption  lines  in  the 
spectrum  are  caused  h\  the  motions  <u  the  star's  aim-  sphere 
with  and  relative  t<>  the  re^mus  emitting  the  li^'lit.  In  the 
atmospheric  regions  ahnve  the  hirdi  ti<lal  area  there  would 
undnubtedlv  be  an  uprtish  ni  ^a>es  due  tn  atmospheric  tid^-. 
convection  currents,  increased  lijjdu  pressure,  and  explosive 
<  utburst.  A^aim  in  the  belt  nt  low  tide  ninetv  decrees  f r»  'in 
the  two  lii^'li  tides,  there  would  probable  lie  a  correspond  inr; 
recession  iA  the  atmosphere  inward  the  Mar's  surface.  This 
wnuld  elearlv  jn'ive  rise,  in  the  actual  ve!<  city  curve.  m  an  «^cil- 
latinn  with  respect  in  a  true  ellipse.  Muse  <»>cillatinns  wmdd 
fall  below  the  mean  at  cnnjunctinn  ami  above  the  mean  at 
clnn^alinii.  for  at  ennjunctmn  the  lii^'li  iidal  arras  are  pre-umd 
In  the  observer,  .and.  at  elongation  the  low  tidal  areas.  l/onsuh- 
iiil;"  the  diagrams,  tin's  is   f,  amd  in  be  the  case.     \\'e  can  there- 
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fore  depart  from  the  rotation  theory  to  account  for  the 
secondary  curve,  and  indeed  this  seems  justifiable,  for  it  is 
possible  with  the  operation  of  such  immense  tides  through 
long  periods  of  time  that  the  rotation  periods  of  the  stars 
involved  should  be  brought  to  identity  with  the  revolution 
period,  as  in  case  of  our  own  satellite.  Further,  on  the  basis 
of  the  tidal  theory,  there  would  not  seem  to  be  sufficient  varia- 
tion in  brightness  due  to  difference  in  intensity  of  the  tidal 
force  between  the  two  hemispheres  (the  ratio  is  about  7/5)  to 
produce  by  rotation  the  oscillation  observed,  unless  we  assume 
much  greater  masses  for  the  system.  The  occurrence  of  the 
light  maximum  when  the  tidal  forces  have  fallen  one  third  in 
intensity  presents  an  anomaly,  but  it  is  possible  that  the  effect 
of  these  forces  lags  to  this  extent. 

Returning  again  to  the  rotation  interpretation,  it  is  easy 
to  construct  a  plausible  explanation  for  the  light  and  velocity 
curves  of  IV  Sagittarii  on  the  assumption  that  the  system  is 
pervaded  by  a  resisting  medium  which  enhances  the  bright- 
ness of  that  side  of  the  star  which  faces  the  direction  of  motion. 
Or,  again,  a  third  body  might  be  present  in  the  system  and 
give  rise  to  the  perturbations  observed  by  Schmidt  in  the 
period.  Until  more  data  are  available,  to  follow  out  such 
theories  would  be  premature. 

Considering  all  evidence,  it  seems  reasonably  certain  that 
the  star's  variations  in  brightness,  and  particularly  the  prin- 
cipal variations,  are  attributable  to  the  action  of  external  forces. 

It  is  a  pleasure  to  acknowledge  my  indebtedness  to  Director 
Campbell,  who  placed  the  necessary  apparatus  at  my  dis- 
posal and  gave  continual  counsel  and  encouragement  during 
the  prosecution  of  the  work,  and  to  Dr.  H.  D.  Curtis  and  Dr. 
J.  H.  Moore  for  valuable  advice  and  assistance. 

July,  1904.  Ralph  H.  Curtiss. 


NOTICES   FROM   THE   LICK    OBSERVATORY.* 


Prepared  by  Members  of  nit  St  am  . 


Castor  a  Quadruple  Stak. 

The  second-magnitude  star  Castor,  in  the  constellation 
Gemini,  is  known  to  all  students  of  astronomy  as  a  very  inter- 
esting double  star.  In  fact,  Sir  William  Hekschll,  the 
pioneer  of  double-star  astronomy,  called  it  the  largest  and 
finest  of  all  the  double  stars  visible  to  observers  in  the  northern 
hemisphere.  It  is  also  very  interesting  historically;  for  the 
motions  in  its  system  first  convinced  Herschel  that  there  are 
systems  in  which  two  or  more  bright  stars  are  revolving  around 
each  other  in  orbits  of  short  period. 

The  two  component  stars  of  Castor  are  a  little  brighter  than 
the  third  and  fourth  magnitudes,  respectively.  re  about 

five  and  one  half  seconds  of  arc  apart*  and  revolve  around 
their  common  center  of  mass  in  approximately  three  hundred 
and  fifty  years,  according  to  the  latest  calculations.  An  uncer- 
tainty of  one  hundred  years  at  least  exists  in  this  estimate,  for 
the  reason  that  accurate  observations  of  the  relative  positions  of 
the  two  stars  have  been  made  for  less  than  one  hundred  years. 

An  interesting  discovery  concerning  the  fainter  of  the 
two  components  of  Castor  was  made,  nine  years  ago,  by 
Astronomer  Belopolsky,  of  the  Russian  National  Observatory 
at  Pulkowa.  While  engaged  in  measuring  the  speed  with 
which  the  two  components  are  traveling  to  or  from  the  observ- 
er, he  discovered  that  the  speed  of  the  fainter  component  is 
variable.  On  one  night  the  star  would  move  toward  the  solar 
system ;  on  another  night  it  would  move  rapidly  in  the  oppo- 
site direction,  and  later  it  would  prove  to  be  rapidly  approach - 


*  Lick  Astronomical  Department  of  the  University  of  California. 
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ing.  A  long  series  of  observations  has  established  that  the 
speeds  of  this  star  pass  through  a  complete  cycle  of  change 
in  a  little  less  than  three  days.  The  explanation  of  the  variable 
speed  is,  that  this  star  is  attended  by  an  invisible  and  very  close 
companion,  massive  enough  to  swing  the  bright  star  around  in 
an  elliptic  orbit  once  every  three  days. 

The  purpose  of  this  article  is  to  call  attention  to  the  dis- 
covery, just  made  at  the  Lick  Observatory,  that  the  other  and 
brighter  component  of  Castor  is  likewise  attended  by  an  invis- 
ible component,  which  causes  the  speed  of  the  bright  star  to 
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The  System  of  Castor. 

vary.     At  one  time  it  is  approaching  us,  and  a  few  days  later 
it  is  receding.     The  number  of  days  required  for  the  bright 
star  and  the  invisible  component  to  complete  a  revolution  about 
their  center  of  mass  will  not  be  known  until  a  considerable 
number  of  observations  have  been  secured,  within  the  com 
weeks.     The  discovery  was  made  by  Dr.  Curtis 
Mills  spectrograph  attached  to  the  36-inch  refrac 
In  the  accompanying  illustration  a  rude  atl 
to  illustrate  the  relationship  of  the  stars  in  thi 
C  are  the  visible  components  of  Castor. 
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the  invisible  component  B,  discovered  spectroscopically  by 
Belopolsky,  and  the  two  revolve  around  their  center  of  mass, 
Al,  in  slightly  less  than  three  days.  The  brighter  star,  C.  is 
attended  by  the  invisible  companion,  D,  just  discovered  by 
Dr.  Curtis,  and  the  two  revolve  around  their  center  of  mass,  X, 
in  a  period  as  yet  unknown.  The  two  systems  AB  and  CD 
revolve  about  their  center  of  mass,  O,  in  a  period  of  approxi- 
mately three  hundred  and  fifty  years.  It  should  be  said  that 
the  distances  AB  and  CD  are  drawn  relatively  too  large,  and 
the  distance  MN  vastly  too  small. 

Great  progress  has  been  made  in  the  study  of  double  stars 
since  the  days  of  Herschel.  The  known  systems  are  num- 
bered by  the  thousands,  and  the  current  work  of  Astronomers 
Hussey  and  Aitken  has  established  that,  of  stars  brighter 
than  the  ninth  magnitude,  at  least  an  average  of  one  in  eighteen 
is  composed  of  two  suns,  visible  in  our  great  telescope.  Al- 
though the  components  in  each  pair  appear  to  be  very  close 
together,  yet  their  distances  from  each  other  are  so  great, 
in  all  cases,  that  many  years  are  required  to  complete  one 
revolution.  The  shortest  period,  that  of  8  Equulci,  is  nearly  six 
years.  There  are  only  thirty  or  forty  whose  periods  are  known 
■o  be  less  than  one  hundred  years,  and  in  the  great  majority  of 
cases  the  periods  will  be  expressed  in  hundreds  and  thousands 

The  invention  <»t  the  s]  >cctn>grai  »1i.  and  its  application  t-'» 
the  measurement  of  stellar  velocities  <>t'  approach  and  recession, 
have  enabled  lis  t«  1  make  a  most  interesting  extension  of  our 
kn<  >w  ledge  <  >f  binarv  -\  stents.  We  are  en  a  Med  to  disc-  >ver  c<  iin- 
panion  stars  m>  close  together  that  the  most  powerful  telescope 
cannot  separate  them.  In  fact,  their  discovery  become  easier 
as  the  distance  between  the  components  becomes  less.  In  ike 
pasr  few  \ears  more  than  a  hundred  such  -\>tcms,  known  a- 
-pect  n  'sc<  'pic  binaries.  have  been  discovered  at  a  few  of  the 
hading  observatories.  It  has  in  fact  been  established  that,  of 
the  stars  visible  to  the  naked  e\  e.  at  ka-t  one  star  in  six  i< 
attended  h\"  an  invisible  companion,  each  so  close  to  the  bright 
component  that  the  companion  cannot  lie  dinctly  observed.  In 
these  systems  the  periods  of  revolution  vary  from  one  or  two 
da\s.  a*-  a  minimum,  to  a  tew  \ear>,  as  a  maximum.  For  ex- 
ample, in   the  case  of  the    \orth    Pole  Mar.  the  bright   star  and 
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an  invisible  companion  revolve  around  each  other  in  a  period 
of  four  days,  and  this  binary  system  and  a  second  invisible 
component  revolve  around  each  other  in  from  ten  to  twenty 
years.  Easily  the  most  interesting  of  all  stellar  systems  thus 
far  studied  is  that  of  Castor,  as  described  above.  It  does  not 
follow  that  the  two  invisible  members  of  this  quadruple  system 
are  really  dark  bodies.  If  they  are  two  or  three  magnitudes 
fainter  than  the  bright  components,  they  would  be  invisible ; 
for  their  light  would  be  lost  in  that  of  the  principal  stars. 

It  should  be  said  that  the  great  value  of  the  discovery  of 
this  interesting  system  lies  not  so  much  in  the  discovery  itself 
as  in  the  opportunity  thereby  afforded  to  study  it  thoroughly. 

November  25,   1904.  W.  W.   CAMPBELL. 

A  Division  of  the  Stars  in  Some  of  the  Globular  Clus- 
ters, According  to  Magnitude. 

The  programme  of  observations  for  the  Crossley  reflector 
undertaken  by  the  late  Professor  Keeler  contained  eight 
well-known  globular  star-clusters. 

The  general  appearance  of  these  clusters  is  very  similar ; 
they  are  of  nearly  the  same  angular  dimensions,  and  the  mag- 
nitudes of  the  component  stars  are  remarkably  alike. 

In  each  of  these  clusters  practically  all  of  the  stars  can 
be  separated  into  two  classes  of  magnitudes.  Perhaps  a  third 
of  the  whole  number  lie  between  eleventh  and  thirteenth  mag- 
nitude, while  almost  all  of  the  remainder  are  very  faint,  being 
about  sixteenth  magnitude.  The  appearance  is  that  of  two 
lavers,  one  of  bright  stars  superposed  upon  another  of  very 
faint  stars. 

But  few  stars  of  magnitudes  fourteen  to  fifteen  and  one 
half  are  to  be  found  in  these  clusters. 

Photographs  of  the  <o  Centauri  cluster  obtained  at  the  Har- 
vard College  Observatory  station  at  Arequipa  exhibit  the  same 
division  of  the  stars  in  that  cluster  into  two  groups,  as  does 
the  Crossley  series.  The  limits  of  the  area  of  the  faint  stars 
are  fully  as  sharply  defined  as  those  of  the  brighter  ones,  and 
the  centers  of  the  two  groups  coincide.  We  are  therefore  led 
to  the  conclusion  that  in  each  case  the  observed  division  is 
in  the  same  group  of  stars  in  space.  That  it  is  characteristic 
of  all  clusters  of  this  type  is  not  certain,  but  the  lack  of  any 
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exceptions  in  the  clusters  observed  strongly  suggests  such  an 
hypothesis. 

Two  hypotheses  to  account  for  the  peculiar  distribution  in 
magnitude  suggest  themselves:  1st.  That  it  is  due  to  a  differ- 
ence in  the  size  of  the  stars ;  2d.  That  it  is  due  to  a  difference 
in  constitution  or  physical  condition. 

The  almost  complete  lack  of  physical  data  at  present  pre- 
vents any  useful  discussion  of  these  hypotheses.  Although  the 
first  appears  to  be  the  most  probable,  yet  it  is  conceivable  that 
this  peculiar  distribution  might  result  from  a  difference  in  con- 
stitution of  the  stars  themselves. 

In  this  connection  attention  may  be  called  to  the  relation 
which  has  been  supposed  to  exist  between  the  nebulae  and  the 
star-clusters.  The  belief  has  been  gaining  way  since  photog- 
raphy has  shown  the  real  structure  of  so  many  of  these  objects 
that  they  are  but  different  stages  in  the  process  of  evolution  ; 
that  a  star-cluster  has  been  formed  by  the  condensation  of  the 
matter  in  a  nebula. 

A  study  of  the  nebulae  which  have  been  observed  with  the 
Crossley  reflector  shows  that  a  large  proportion  are  spiral, 
and  that  practically  all  the  spirals  are  lenticular  or  disk-shaped. 
Many  of  them  are  relatively  very  thin.  Now,  if  the  globular 
clusters  are  really  spherical,  as  seems  probable,  it  is  difficult 
to  see  how  they  could  have  originated  from  a  disk-shaped 
nebula   (  spiral  ?  .1. 

As  there  are  other  forms,  also,  of  nebube  and  star-chistcrs, 
it  i>  not  necessary  to  assume  that  the  order  of  evolution  men- 
tioned above  is  the  only  one.  I.ut  the  natural  tendency  has 
been  to  connect  such  changes  as  these  with  the  spirals  which, 
by  their  appearance,  seem  to  indicate  greater  systematic  internal 

activity  than   others.  .,    .  x 

L.  1).   Pi-kkim-:. 
July    17,    M)04. 

Ui:si-:uvatio.\s  in  a  Rill  K.\  i  lnmxo  throi/oii  mil  Llnak 
\  allly  ol  1  in;  Alls. 
( }\\  the  night  of  April  23.  10,04,  while  showing  the  regular 
Saturday-night  visitors  the  Moon  through  the  ^h-inch  refract"  t. 
I  noticed  a  rill  at  several  points  in  the  Alpine  Valley.  The 
seeing  was  ton  poor  to  make  satisfactory  observations,  but  at 
tunes  the  rill  could  be  glimpsed  for  nearly  the  whole  length  vA 
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the  valley.  It  was  observed  on  April  23d,  May  6th,  22d,  23d, 
June  4th,  July  2^\y  and  August  30th,  under  both  evening  and 
morning  illumination. 

The  rill  extends  the  entire  length  of  the  valley,  through 
the  middle,  and  is  continuous  except  at  three  points.  It  was 
suspected  to  cross  one  of  these  short  gaps,  and  it  is  possible 
that,  by  observing  diligently  under  good  conditions,  the  rill 
could  be  traced  across  them  all.  It  is  visible  only  when  the 
Moon  is  from  eight  to  nine  days,  and  twenty  to  twenty-one 
days,  old.  Owing  to  extreme  narrowness, — the  width  is  from 
three  hundred  to  six  hundred  feet, — the  rill  can  be  seen  only 
with  a  large  telescope,  and  requires  excellent  atmospheric 
conditions. 

The  accompanying  drawing  is  compiled  fcom  all  the 
sketches.  Xo  attempt  has  been  made  to  include  details  except 
such  as  are  connected  with  the  rill,  or  craterlets  very  near  to  it. 
Attention  may  be  called  to  the  great  number  of  craterlets 
strung  along  the  rill  in  some  regions  and  to  the  fact  that  at 
all  the  gaps  the  rill  terminates  in  craterlets. 


Rill  in  the  Valley  of  the  Alps. 

I  have  examined  a  number  of  the  negatives  of  this  region 
of  the  Moon,  taken  with  the  36-inch  refractor,  especially  those 
taken  with  an  enlarging  lens,  but  fail  to  find  any  trace  of  the 
rill  upon  them.  c   D   pERRINE. 

October  i6,   1904. 

The  Number  of  the  Nebula. 
Professor  Keeler,  soon  after  beginning  his  program  of 
work  with  the  Crossley  reflector,  showed  that  the  number  of 
the  nebulae  is  very  much  greater  than  had  been  supposed.    He 
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conservatively  placed  the  number  within  reach  of  that  tele- 
scope at  one  hundred  and  twenty  thousand.  The  recent  com- 
pletion of  this  program  enables  us  to  revise  his  estimate. 

In  fifty-seven  regions  seven  hundred  and  forty-five  nezc 
nebula  have  been  discovered.  There  were  one  hundred  and 
forty-two  known  nebulae  in  these  regions,  making  the  total 
number  of  nebulae  observed  eight  hundred  and  eighty-seven, 
an  average  of  eight  and  one  half  per  region.  As  it  would  take 
sixty-two  thousand  such  photographs  to  cover  the  entire  sky, 
the  results  indicate  five  hundred  thousand  as  the  corresponding 
number  of  nebulae  within  reach  of  the  Crossley  reflector.  This 
assumes  that  the  small  portion  observed  represents  fairly  the 
entire  sky. 

Longer  exposures,  more  sensitive  plates,  and  more  perfect 
photographs  will  undoubtedly  reveal  some  nebulae  which  do 
not  now  appear  and  others  which  are  confused  with  the  faint 
stars.  It  seems  probable,  therefore,  that  the  number  of  the 
nebulae  will  ultimately  be  found  to  exceed  a  million. 

June  1 8,  1904.  C.  D.  Perrine. 

A  New  Mounting  for  the  Crossley  Three- Foot  Mirror. 
The  new  mounting  for  this  excellent  mirror,  which  has  been 

in  the  process  of  installation  during  the  past  year,  was  so  far 

completed  as  t.»  permit  of  it<  u>r  in  obtaining  pli-to-  raj  >!  1-.  • .  e" 
the  ninth  satellite  <>j"  Sal  urn.  The  i"ocn>  was  dr-termined  *  pie  ■- 
tographieal!\  1  "ii  November  51I1.  and  .  11  the  following  nigh: 
<  il)>ervatii  »n>  ^i  .S\it;Tn  were  begun.  A  tew  minor  uupt'ow- 
nients  have  since  been  made,  and  -ome  final  adjustment-  ar< 
still   ueci'ssary. 

So  far  a>  it  'has  been  used,  the  telemonr  is  wry  stable.       v 
change  of    foctts  or  collimatmn   can  be  <u.  tected   when   the  t^b- 
scopr  i\  mawed  nvrr  a  considerable  range  m   /eiiiih-dNtance. 

A  description  ^i  the  telescope  will  be  published  s.Hin. 

\..\rnilMT    JS.     n,e.j  t\     lb     1'i  KlU  NT. 

T  11 1    T<  •  1  \i.   lb  1  w<\.  1  »i    Sir  m  v.  e  rim  1.   11)04. 
A   total  eclijisc  ,if  the   Stni   <>ecurred   on   Sept',  tuber  u.    Pr;. 
The  shadow  path  iTmsmJ   the  central    Pacific  >  Vean   tr-'iu   \ws* 
to   east    without    touching    known    lamb    1  xcent    that    it    reached. 
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the  coast  of  northern  Chile  six  or  eight  minutes  before  sunset. 
Astronomer  William  H.  Wkight,  in  charge  of  the  D.  O.  Mills 
Expedition  from  the  Lick  Observatory  to  Santiago,  Chile, 
states  that  Dr.  Obrecht,  Director  of  the  National  Observatory 
of  Chile,  established  an  observing-station  at  Taltal,  but  that 
the  sky  was  cloudy  at  the  time  of  totality.  At  Santiago,  the 
sun  set,  partially  eclipsed,  on  a  fine  horizon.  \y#  W.  C. 

Experimental    Determination    of   the   Solar    Parallax 
from  Negatives  of  Eros  Made  with  the 
Crossley  Reflector. 
In  order. to  determine  the  value  of  the  series  of  photographs 
of  Eros  which  was  made  with  the  Crossley  reflector,  and  to 
test  a  simple  diurnal  method  of  combining  the  results,  six  nega- 
tives were  selected  from  the  exposure  of  December  5,   1900. 
Three  of  the  negatives  were  taken  in  the  evening  and  three  in 
the  morning. 

The  measures  and  reductions  were  kept  wholly  in  rectangu- 
lar coordinates. 

The  result  follows : 

70  =    8"788    ±l    o".oo8 

The    probable    error    of    one    equation    of    condition    is 

zt  o".o22.   The  probable  errors  of  the  position  of  one  star  upon 

a  plate,  being  the  mean  of  four  exposures,  are 

in  X  =  ±  o".o8 

in  Y  =  -±  o  .09 

C.  D.  Perrine. 

Observations  of  Phcebe,  the  Ninth  Satellite  oy  Saturn. 

Photographs  showing  Pickering's  new  satellite  of  Saturn 
were  secured  with  the  Crossley  reflector  on  November  6th,  7th, 
8th,  9th,  and  10th,  with  exposures  of  one  and  three  fourths  to 
two  hours.  The  satellite  is  of  about  the  seventeenth  photo- 
graphic magnitude.  A  comparison  of  these  observations  with 
Pickering's  orbit  gives  no  residual  in  position-angle,  but  in 
distance  there  is  a  difference  of  i'4,  the  satellite  being  nearer 
to  the  planet  than  indicated  by  the  ephemeris.  At  the  time  of 
these  observations,  the  satellite  was  22'  southwest  of  Saturn. 

November  28,   1904.  C.  D.  PERRINE. 
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The  Radial  Velocities  of  S  Sagitt.e  and  Y  Sagittarii. 
Measures  of  seven  plates  of  S  SagittajJ  employing  the  low 
power  sky  standard-table  described  on  page  249  have  resulte 
in  the  detection  of  a  wide  range  in  the  radial  velocity  of  thi 
star.  As  a  whole,  these  plates  are  much  below  the  average  e> 
cellence,  but  are  sufficiently  reliable  to  establish  the  binary  char 
acter  of  this  variable.  The  accompanying  table  contains  th 
number  of  the  plate,  the  Greenwich  date,  the  interval  sine 
maximum,  the  velocity  referred  to  the  Sun,  the  number  o 
lines  used  for  each  plate,  and  the  temperature  change  durin: 
the  exposure.  If  the  velocities  are  plotted  in  the  usual  wa\ 
assuming  the  identity  of  the  light  and  velocity  periods,  the 
are  seen  to  follow  a  curve  in  every  way  similar  to  those  o 
rjAquilcB  and  W  Sagittarii,  and- the  elements  will  approximat 
closely  to  those  determined  for  IV  Sagittarii.  There  is  als 
some  evidence  pointing  to  a  composite  character  for  the  curvt 


Interval 

Number 

Tem- 

No. 
Plate. 

Date. 

since 
Maximum.        V. 

of 
Lines. 

perature               n 
Range.                 Remarks. 

28F 

1903 

Aug. 

9-9 

Id4   — 20.3k"1 

20 

o°.4C   Underexposed 

33E 

14.9 

6   .4    —$2.2 

44 

0  .1 

35D 

16.9 

0  .0  — 30.2 

45 

42B 

26.9 

I    .6    — 20.2 

20 

0  .3     Underexposed. 

54B 

Sept. 

6.9 

4  .2  +  3-9 

4i 

0  .1     Comparison  pot 

72B 

13.8 

2  .8  -17.3 

37 

0  .0        on  one  side. 

350C 

1904 

July 

20.9 

3  7   •--  3-9 

Q 

0  .0     Underexposed. 

As 

the 

IV  Mil 

<>f 

relative    measures   •> 

four    lines    <<n    tw 

plate-.  I  >r.  Stij:i;i\s  fount!  a  ran^e  of  <;km  in  the  radial  \vl<vii; 
of  )'  Sagittarii.  Mv  own  measures  of  nine  plates  ot  tl  1  i -  Ma- 
indicate  that  it  is  approaching  our  system,  but  not  at  a  c<  11 
stant  rate.  The  ran^e  of  vlocitv  so  far  observed  amount-  n 
I7kl".  1  be  form  of  the  curve  seems  <|uite  dilfeivnt  trnin  tba 
of  other  Ccphcnl  variables,  but  tbe  character  and  number  <  ■ 
the  plates  available  are  n<  t  ^ucb  a-  to  warrant  anv  detmite  o  v, 
du>i..ii>  on  that  p-int.  !<  xi  i  1 1   If.  O  un.-s. 

July.    1004. 

Xiw    Companions   [o  Known  Dona.r,  Stars. 

In  the  course  of  my  search  for  new  double  stars  1  hav< 
recentlv  luiind  that  one  component  in  each  oi  the  well-know  1 
pairs,   U'iiuicckc  $  and  1  J775.  i>  itself  a  clo^e  double  star. 

The    iormer   is    the    more    interesting   di-coverv.    a>    tb.e    <  •!■ 

*  From  Lic:-    (''f'Sft  -;  a!-  n    L'u'!rt:n,    N   ■     f   ■. 


Astronomical  Society  of  the  Pacific.  269 

pair  is  separated  by  less  than  2",  and  has  shown  some  change 
in  angle,  making  it  probable  that  we  have  here  a  ternary 
system.  The  pair  2  2775  is  so  wide  as  to  possess  no  interest, 
but  the  new  pair,  forming  the  principal  component  of  the  Struve 
pair,  is  certain  to  prove  a  binary.  The  positions  of  the  stars 
for  1900,  the  mean  of  my  measures,  and  an  early  measure  of 
the  old  pairs  for  comparison,  are  as  follows : — 

Wxnncckc  3.  R.  A.  5h  i8m  46s ;  Decl.  -o°  58'. 

1904.85     i4i°.5  o".25     8.0 — 8.1     311  36-inch  B  and  C. 

4.85     160  .5  1  .87     j.7 — 7.8     3   36-inch  A  and  BC. 

1863.9       170  .7  1  .61     Measures  by  Otto  Struve. 

22775.  R.  A.  2ih  09111  32s;  Decl. — 1°   15'. 

1904.71       43°.8  o".i4     7.6 —  78     3n  36-inch  A  and  B. 

4.67     177  .7  21  .2-j    7.2 — 10.5     1    36-inch  ABandC. 

1825.88     178  .8  21  .15     Measures  by  Struve. 

November  22,   1904.  R.  G.  AlTKEN. 

Distinguished  Visitors  to  the  Lick  Observatory. 

Of  the  many  distinguished  men  of  science  who  visited  the 
Lick  Observatory  in  recent  months,  the  following  may  be  men- 
tioned : — 

Professor  Syante  Arrhenius,  of  Stockholm.  During  his 
stay  special  interest  was  taken  in  the  subject  of  the  nature  of 
the  solar  corona,  and  Professor  Arrhenius  embodied  his  views 
in  a  valuable  paper.  Inasmuch  as  he  was  at  the  time  a  mem- 
ber of  the  Faculty  of  the  University  of  California,  his  paper 
was  issued  as  a  Bulletin  of  the  Lick  Observatory. 

Professor  Hecker,  of  the  Royal  Geodetic  Institute,  Pots- 
dam. Magnetic  observations  were  made  at  Mount  Hamilton 
in  connection  with  Professor  Hecker's  around-the-world  sur- 
vey. 

Professor  Emile  Picard,  Member  of  The  Institute,  Paris. 

Professor  Henri  Poincare,  Member  of  The  Institute, 
Paris. 

Professor  H.  H.  Turner,  President  of  the  Royal  Astro- 
nomical Society,  and  Director  of  the  Oxford  Observatory. 

Professors  Arrhenius,  Picard,  Poincare,  and  Turner 
were  leading  speakers  at  the  St.  Louis  Scientific  Congress. 

w.  w.  c. 


270  Publications  of  the 

Duplicity  of  31  /?  Leonjs  Minoris. 

The  Durchmusterung  magnitude  of  this  star  is  4.0.  I  ha\ 
recently  found  it  to  be  a  close  double.  The  companion  is  froi 
two  to  three  magnitudes  fainter  than  the  principal  star,  an 
situated  in  the  direction  232°  at  a  distance  of  not  quite  half 
second. 

From  the  character  of  this  pair,  I  should  at  once  say  that 
is  probably  a  binary ;  that  the  two  stars  are  physically  cor 
nected  is  almost  certain  from  the  amount  and  direction  of  tl 
proper  motion.  /?  Lconis  Minoris  is  given  in  the  fund: 
mental  star  catalogues  with  a  well-determined  proper  motioi 
amounting  to  o".i64  per  year  in  the  direction  225 °.  Were  tl* 
two  components  not  moving  together,  this  would  have  been 
very  easy  pair  a  few  years  ago,  and  its  duplicity  could  hardl 
have  escaped  detection  even  by  the  meridian  observers. 

The  position  of  the  star  for  the  epoch  1900  is 
R.A.  ioh  22m  6s;  Decl.  +  370  I3'.2. 

W.  J.  Hussev. 

On  the  Spectra  of  R  Scut/  and  W  Cvgni* 
Observations  of  the  spectra  of  R  Scitti  and  IV  Cygni  ai 
particularly  valuable,  as  these  stars  occupy  a  unique  positio 

between  the  short-period  variables  •  >n  the  one  hand  and  tl' 
o('(7/  variables  on  the  other.  \  isnal  observation.  .  .f  j\  Scii 
by  liM'ix  have  led  him  to  suspect  the  presence  of  bright  dm 
in  its  .spectrum,  but  be  .nnih  to  have  been  unable  to  identic 
them.  As  far  as  1  know,  //'  L'x-ni  had.  not  been  observed  wit 
the  spectroso  >pc. 

Kxpostires  upon  both  these  stars  with  Spectrograph  1  wer 
be^'tin  in  the  middle  oi  Julv,  11)03.  Thev  were  continued  m 
til  November  11.  10013.  in  case  of  K  Ac///;,  and  December  s 
I'jo^.  in  case  ot  /['  C  \'iS;//.  A'  Scitti  was  examined  vi>uall\  wit 
the  spectrograph  until  December  7th.  In  the  mean  time.  t 
Scud  rose  to  maxima  toward  the  end  ot  }ul\  and  \h<-  beior 
nine;  of  <  )ctober.  while  maxima  ^\  //"  (  \\/;/  occurred  earl\  : 
August  and  in  the  middle  of  December.  During  this  peri1 
about  twcntv-five  >|uviri^r;iin>  of  /v  Scuti  and  twent\'  of  •> 
("\N;//  were  secured  with  Spectrograph   '■ 
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On  plate  13E  of  R  Scuti,  Hf3,  Hy,  and  H8  shone  out 
strongly  as  bright  lines,  but  they  faded*  quickly  until  at  mini- 
mum the  spectrum  of  the  star  departed  but  little  from  the 
solar  type,  with  dark  hydrogen  lines  of  customary  intensity. 
At  the  two  subsequent  maxima  the  bright  hydrogen  lines  were 
not  seen,  but  the  intensity  of  the  absorption  line  at  Hy  seemed 
to  have  decreased  very  much  as  the  star  approached  its  maxi- 
mum of  October.  Judging  from  rough  measures  of  a  few 
plates,  the  radial  velocity  of  this  star  appears  to  be  constant  and 
about  4-  42km  in  actual  value. 

U'  Cygni  shows  a  banded  spectrum  of  a  type  characteristic 
of  long-period  variables.  At  the  maximum  of  August,  1903, 
the  hydrogen  lines  mentioned  above  appeared  as  strong  bright 
lines  which  faded  gradually  to  the  star's  minimum,  while  the 
absorption  line  at  g  broadened  greatly  during  the  same  period. 
( )ther  suspected  bright  lines  in  the  spectrum  of  this  star  re- 
main to  be  identified. 

A  detailed  study  of  these  plates  will  be  made  at  the  earliest 

°PP°rtiinity.  RALr„  H.  Curtiss. 

July,    1904. 


GENERAL    NOTES 


Our  readers  will  remember  that  in  1899  Professor  \V.  H 
Pickering  announced  the  discovery,  from  plates  taken  in  Pen 
in  August,  1898,  of  a  ninth  satellite  of  Saturn.  Months,  evei 
years,  elapsed  without  any  verification,  either  visual  or  photo 
graphic,  of  this  discovery.  Professor  Pickering  has  obtaine* 
many  photographs  of  this  tiny  member  of  the  solar  system 
and  recently  the  interesting  announcement  was  made  that  Pro 
fessor  Barnard  had  seen  and  measured  this  object  with  th 
great  telescope  of  the  Yerkes  Observatory.*  The  satellite  ha 
been  called  Plwbe,  and  Professor  Barnard  estimates  its  visua 
magnitude  to  be  16.7. 

Harvard  College  Observatory  Annals  (Vol.  LIII,  part  3) 
recently  issued,  gives  in  detail  Professor  Pickering's  worl 
upon  this  object.  The  most  interesting  announcement  con 
cerning  this  new  member  of  the  solar  system  is.  that  its  motion 
about  Saturn  is  retrograde,  while  that  of  all  the  other  satellite 
of  Saturn  is  direct.  The  period  of  revolution  about  Sat  it  n 
is  546.5  days,  and  the  eccentricity  of  the  orbit,  0.22.  is  greate 
than  that  of  anv  other  satellite  or  large  planet,  and  is  excee<le< 
1)\  uiilv  a  few  of  tin-  asteroids.  \s  mvii  t"r<iiu  Xeevre  tin  i n :  1  l: 
nitude  «>f  1'h"  he,  when  full.  would  var\  between  5.2  Mil'!  ''.2 
lt>  diameter  i>  estimated  U>  In-  lirlwaii  (  n r  hundred  an-! 
hundred  miles. 

I)i-.  Frank  Mi  (.'ij-  \.\.  ..I*  ddinbnd-e  WY1U  and  1  ^  *v  :<  >n 
and  a  member  of  the  .\>tr<  * 1 1  *  >mieal  Society  ni  the  Pacific,  die* 
nn  tlu-  Sth  of  November  laM.  ill  hi>  >i\t\  - seventh  year.  IF 
wa.->  trained  a-  a  civil  engineer,  but  relin<imsh<-d  ]  >roie<M'  cia 
work  in  1  Sj<  >.  A  few  \ear-  after  hi>  retirement  lie  estal  >li-Fc. 
an  a^tmni  niiical  o1>mt\  at<  >r\  at  Tuiihnd^c  \\  i-lls,  and  1 1-*  ■ :  1 
that  time  forward  \\,>  much  cn^aLwd  nil  >,  !ar  and  stellar  ^jkc 
tro-o>jiic  wnrk.  In  l  S«  i<  >  he  fMimd.ed  the  Ua;ie  Newton  Sin 
(leni^hip>  at  (  amhrid-'a  .  where  h<-  had  uradualed  ;^  a  \\  ran-^  ■ 
in    iS^u.      In    1  S<  )4  lie  presented  1"  ihe   Ro\al  *  H  >>er\  an  t\    at   Fa 
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Cape  of  Good  Hope  the  Victoria  photographic  telescope,  of 
24-inch  aperture.  He  afterwards  discovered  the  presence  of 
oxygen  in  the  helium  class  of  stars,  and  in  1899  was  awarded 
the  gold  medal  of  the  Royal  Astronomical  Society  for  his  pho- 
tographic survey  of  star  spectra  in  both  hemispheres  and  for 
other  contributions  to  the  advancement  of  astronomy.  He 
was  a  Fellow  of  the  Royal  Society  and  also  of  the  Royal  Astro- 
nomical Societv. — London  Standard. 


In  Harvard  College  Observatory  Circular  (No.  88)  Pro- 
fessor E.  C.  Pickering  announces  the  discovery,  photograph- 
ically, of  a  new  variable  of  the  Algol  type.  The  star  is  in  the 
constellation  of  Sagittarius,  and  is  designated  — 150.  4905. 
Three  hundred  plates  were  available  for  the  study  of  this  star, 
and  on  twenty-eight  of  them  it  was  found  to  be  fainter  than 
the  normal  brightness,  9.55. 

"The  observations  indicate  that  the  times  of  minimum  may 
be  represented  by  the  formula  J.  D.  2,410,002.677  +  3.45348  E. 
An  interesting  feature  in  the  variation  is  found  in  the  fact  that 
a  secondary  minimum  occurs  midway  between  the  primary 
minima  represented  by  the  formula." 


The  first  ordinary  meeting  of  the  Edinburgh  Royal  So- 
ciety for  the  present  session  was  held  on  the  evening  of  No- 
vember 7th  in  the  Royal  Institution,  Mound — Lord  M'Laren, 
Vice-President,  in  the  chair.  Dr.  J.  Halm.  Assistant  Astrono- 
mer, Royal  Observatory,  Edinburgh,  read  a  paper  on  Professor 
Seeliger's  "Theory  of  Temporary  Stars."  The  lecturer  at- 
tempted an  explanation  of  the  peculiar  features  of  the  Nova 
spectrum  on  the  basis  of  Seeliger's  well-known  hypothesis, 
according  to  which  the  outburst  of  a  new  star  was  due  to  the 
collision  between  a  dark  cosmic  body  and  a  cloud  of  tenuous 
nebular  or  meteoric  matter.  He  showed  that  the  peculiar  dis- 
placements noticed  in  the  spectral  lines  were  due  to  motions  of 
gaseous  matter  engendered  by  the  impacts.  Their  ideas  of 
these  motions  had  hitherto  been  inadequate,  because  the  in- 
fluence of  gravitation  had  been  neglected.  So  far  only  the  rela- 
tive motion  of  the  star  against  the  nebula  had  been  considered, 
the  consequence  being  that  assumptions  became  necessary 
which  rendered  the  theory  unacceptable.    But  the  gravitatio 
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attraction  of  the  star  on  the  cloud  particles  produced  motions  o 
such  a  character  and  magnitude  that  most  of  the  hitherto  enig 
matic  spectra  features  were  brought  within  the  range  o 
physical  explanation.  From  this  point  of  view,  two  importan 
conclusions  might  be  reached.  First,  they  were  practically  un 
limited  in  their  assumptions  as  to  the  amount  of  heat  develope 
by  the  impact.  It  could  be  shown  that  a  bombardment  of  th 
star  by  matter  whose  density  was  only  the  one  two-thousand 
millionth  part  of  that  of  air  at  ordinary  pressure  and  tempera 
ture  was  sufficient  to  produce  an  amount  of  heat  equal  to  tha 
radiated  by  the  Sun  into  space.  This  stupendous  heating  of  th 
stars  surface  was  necessarily  followed  by  the  formation  of  a 
atmosphere  of  incandescent  gases  and  vapors  which  expande 
at  an  enormous  rate.  The  velocity  of  these  expanding  gase 
might  indeed  be  supposed  to  exceed  even  those  noticed  in  sola 
eruptions.  The  author  showed  that  the  most  important  feature 
of  the  typical  Nova  spectrum  could  be  sufficiently  accounte 
for  by  considering  the  motions  of  this  expanding  atmosphere 
Especially  noteworthy  was  the  explanation  from  this  point  o 
view  of  the  uniformity  of  type  in  the  spectra  of  all  the  Aror< 
hitherto  observed.  The  second  conclusion  was  drawn  fror 
the  consideration  that  the  impact  of  the  meteoric  cloud  mu< 
always  be  more  or  less  unsymmetrical  or  one-sided.  This  \va 
shown  bv  the  author  t<<  lead  to  the  formation  "f  a  ^wratm: 
rin^'  of  incandescent  nebular  matter  revolving  round  the  sta 
nucleus,  with  a  speed  probably  \va  much  le^s  than  four  huudre 
kilometers  per  second.  While  the  expanding  atmo>pheiv  d< 
termined  the  appearance  of  the  spectrum  during  the  earli« 
Ma^es,  the  orbital  motion  of  matter  in  the  rin^  became  pr<  aid 
nentlv  apparent  in  the  \\\<\  penod  .u  the  >tar'>  developmeu' 
The  two  ee.nclusions,  which  -eemed  to  1";  unavoidaltle.  if  <'nc 
the  soundness  of  S  l-  IJ  i<  ,i  k's  fundamental  assumption  was  ad 
mitted.  were  sufficient  to  explain  the  fact-  so  far  observed  air 
to  form  a  mental  picture  of  the  physical  development  of  the- 
celestial  catastrophes  in  accordance  with  what  had  actual! 
been  noticed.  The  author  laid  particular  stress  ,  ,n  th-;  fact  tha 
the  observations  pointed  conclusively  to  1  )<  irru-k's  princip! 
a.s  the  basis  from  which  the  features  ..f  the  AT:.'  spectrin; 
must  lie  explained,  and  he  dwelt  upon  the  difricuhus  whic! 
were   experienced    it    the   problem    was   approached    irom   «'tl;e 


Astronomical  Society  of  the  Pacific.  275 

points  of  view.  He  also  suggested  that  his  second  conclusion 
— viz.,  the  formation  of  a  permanent  rotating  ring  round  the 
star  in  consequence  of  one-sided  collision — might  perhaps  ac- 
count for  the  origin  of  the  rotation  of  our  own  solar  system. 
He  pointed  out  the  serious  objections  to  Laplace's  conception 
of  the  original  solar  nebula,  in  which  this  rotation  had  to  be 
supposed  as  a  pre-existing  quality  of  the  solar  matter,  and 
thought  that  this  new  point  of  view,  which  assumed  as  the 
starting-point  of  solar  evolution  the  encounter  between  the 
Sun  and  a  cosmic  cloud  of  considerable  density,  besides  afford- 
ing an  explanation  of  the  origin  of  rotation,  would  be  less  open 
to  the  mathematical  criticism  to  which  Laplace's  theory  had 
in  recent  times  been  so  severely  submitted.  All  conclusions 
seemed  to  point  in  the  one  direction,  that  the  solar  nebula,  dur- 
ing its  primordial  stage,  must  have  been  heterogeneous  to  a 
degree  in  no  way  compatible  with  the  Laplacian  conceptions, 
but  quite  imaginable  if  a  collision  of  the  kind  here  indicated 
was  accepted.  Communications  were  also  read  by  Dr.  Muir 
on  the  "Sum  of  the  Signed  Primary  Minors  of  a  Determinant/' 
on  "Continuants  Resolvable  into  Linear  Factors,"  and  on  the 
"Three  Line  Determinants  of  a  Six-by-Three  Array." — Ex- 
tract  from  the  Scotsman. 
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MlNUTES    OF     THE     MEETING    OF     THE     BOARD    OF     DIRECTORS 

HELL)  IN   THE  ROOMS  OF  THE   SOCIETY,    NOVEMBER   26. 

I904,  AT  7:30  P.M. 

President   Edwards  presided.     A  quorum   was  present.     The   min 
utes  of  the  last  meeting  were  approved. 

The  following  resolutions  were  adopted  to  fill  the  vacancies  cause 
by  the  death  of  Mr.  Wm.  M.  Pierson  : 

Resolved,  That  Dr.  Harry  East  Miller  be  appointed  a  member  of  the  Board  c 
Directors,  A.  S.  P. 

Resolved,  That  Mr.  Wm.  H.  Crocker  be  appointed  a  member  of  the  Donohoe  Come 
Medal  Committee. 

The  question  of  filling  the  vacancy  on  the  Finance  Committee  \\  a 
laid  upon  the  table. 

It  was,  upon  motion, — 

Resolved,  That  no  award  of  the  Bruce  Medal  be  made  for  the  year  1905. 

Adjourned. 


Minutes  of  the  Meeting  of  the  Astronomical  Society 

of  the  Pacific,   held  in  the   Lecture  Hall  of 

the  California  Academy  of   Sciences, 

XOVEMIJER  26,    l()04,   AT  8   P.M. 

The    meeting    wris    called    t«»    order    by     IVe-ident     Edwards.       Tli. 

mmnte-    .it    ['if    ha-t    meet  me;    w  i  it    e.p]  >v<  a  1  <  a 

'1  he  ehairman  ml  n  ulnced  the  heinr.r-  ,,;  :M  meiime;:  Mr.  S  i  ' 
TnwMi'.v.  who  read  a  paper  on  "Via.  M<-i>,.r  <  <i  ;]ie  IvmhA  Am-" 
and    Mr.    Ilri'.iu    I).    Ci  kms.    u  M -e    pep<  r    v.  a  -    renin!    "Sped  r> -<•■  1  e 

Mmatiev"      !>■  »:  h   ha  '  ere-    w  v  :  e   :  lie-:  ratrd   h\    a    eeie  h.  r  .  d   lent  i.tii  -  -' :  d«  - 


W'll.iiAM  M<»\  ii.'iM  im\  I'li-.u-nx  died  at  hi-  Mme.  m  See.  h'r.imn 
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interest.  He  took  a  prominent  part  in  the  organization  of  the  Astro- 
nomical Society  of  the  Pacific  at  its  first  meeting,  on  February  7, 
1889;  he  was  its  first  Vice-President,  its  second  President,  and,  from 
its  foundation  until  his  untimely  death,  a  member  of  the  Board  of 
Directors,   and  of   the  Finance   and   Comet-Medal   Committees. 

In  addition  to  his  continuous  efforts  to  promote  the  welfare  of  the 
Society,  he  fitted  out.  at  his  own  expense,  an  expedition  to  observe  the 
Total  Solar  Eclipse  in  India  in  1898.  from  which  important  scientific 
results  were  obtained;  he  enriched  the  equipment  of  three  astronomical 
observatories  in  Calik>rnia  by  gifts  of  valuable  instruments,  and  made 
generous  financial  contributions  to  this  Society  in  time  of  need.  For 
fifteen  years  he  was  the  legal  adviser  of  the  Board  of  Directors  of  the 
Agronomical  Society  of  the  Pacific,  and  was  ever  prepared  to  give 
to  the  Society  the  benefit  of  his  sound  judgment  and  advice.  In  him 
this   Society  has   lost  one  of  its  truest  friends. 

A  committee  appointed  by  President  Edwards,  consisting  of  Messrs. 
BiRCKHALTER,  Cushing,  and  Ziei .  presented  the  following  resolutions 
on  behalf  of  the  members  of  the  Astronomical  Society  of  the  Pacific: — 


Jn  9£emoriam. 

Whereas.  William  Montgomery  Pierson,  a  Charter  Member,  an 
ex-President,  and  a  member  of  the  Board  of  Directors  from  the  foun- 
dation of  the  Society,  has  been  claimed  by  death;  and 

Whereas,  Mr.  Pierson  was  foremost  in  promoting  the  welfare  of 
the  Society,  by  his  wise  counsel  and  generous  financial  aid ;  therefore 
be  it 

Resolved,  That  in  the  death  of  this  distinguished  citizen  this  com- 
munity has  suffered  a  severe  loss,  and  this  Society  one  that  is  irrepara- 
ble :  and  astronomical  science  a  friend,  willing  both  to  do  and  to  give ; 

Resolved,  That,  whether  as  members  of  this  Society  or  as  his  per- 
sonal friends,  we  have  each  sustained  an  individual  loss ; 

Resolved,  That  in  token  of  our  appreciation  of  his  effective  help 
and  of  our  love  for  him.  these  resolutions  be  spread  in  full  on  our 
minutes,  and  that  a  copy  thereof  be  sent  with  our  heartfelt  sympathy 
to  the  bereaved  family  of  our  departed  friend. 

San  Francisco,  November  15,  1904. 

Astronomical  Society  of  the  Pacific, 
Charles  Burckhalter, 
Chas.  S.  Cushing, 
F.  R.  Ziel,      , 

Special  Committee. 


Adjourned. 
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Schellen,  H .  . .     Spectrum  analysis   318 

Webb,  T.  W Celestial  objects  for  common  telescopes     10 
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Has  recently  been  Issued.    This  is  a  handsome  octavo  volume  containing 
20  pages  of  introduction,  485  of  text,  with  74  of  Indices  and  List  of 

authors  and  authorities. 

It  is  the  first  extensive  work  of  its  kind  since  the  publication  of 
ldeler's  Stern- Namen  in  1809.  The  book  is  printed  in  the  best  style  of 
the  DeVinne  Press.  Price  in  cloth,  with  gilt  top,  $5.00  net. 

G.  E.  STECHERT,  9  East  16th  St.,  New  York 

NOTICES 

We  should  describe  the  work  as  an  admirable  Index  or  Cyclopedia,  which  introduces 
the  student  to  imposing  and  mysterious  treasures  of  the  mythic  and  legendary  lore,  the 
astrologic  speculation,  the  fantastic  philosophies  and  celestial  geographies  which  are  stored 
up  for  us  in  these  star  names  and  constellations.—  The  Evangelist. 

One  which  all  star-lovers  will  welcome  and  value— a  book  embodying  the  faithful, 
scholarly  work  of  years. —  The  Critic. 

This  work  must  have  involved  great  labor  and  painstaking  care  to  find  the  information 
wanted  and  then  to  relate  it  so  well  in  a  consecutive  account.—  Popular  Astronomy. 

Mr.  Allen  has  carried  through  a  work  which  very  few  scholars  have  been  stout  of  heart 
enough  to  set  their  hand  to. —  The  Independent. 

The  work  should  certainly  be  in  every  library-— Publications  of  the  Astronomical 
Society  of  the  Pacific. 
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